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Abstract 
This research examined the outcome of a translocation trial of 30 koalas 
moved from French Island to three sites on mainland Victoria (Creswick, 
Enfield and Lal Lal State Forests). The colony included 20 females (ten sub-
adults and ten adults) and ten males (five sub-adults and five adults). Ten 
koalas (five adults and five sub-adults) were released at each site. The study 
sites were chosen because of the limited availability of the two preferred 
eucalypt species, Eucalyptus viminalis and Eucalyptus ovata, and the 
presence of a variety of alternative koala food tree species. 
During the 26 months of the study, 7 out of 30 translocated koalas died, eight 
were lost, and one had its transmitter removed prior to the end of the research 
due to injury. Six females bred successfully after the first mating season post-
release. Twelve females and two males of the translocated animals as well as 
four young conceived at the release site were radio-tracked to the end of the 
study. The weight of the animals was assessed during three examinations. 
Between the first and the second examination the weight increased for 64% of 
the koalas, remained unchanged for 28% and decreased for 8%. There was 
no significant difference in the percentage weight change between females 
and males (t-test: p=0.174). Furthermore, there was no difference in 
percentage weight change between koalas in the three forests (Kruskal-
Wallis: p=0.172). The weight of younger animals increased more than the 
weight of older koalas (Pearson’s correlation test: p=0.001). 
Furthest distances from release site and areas of exploration within 126 days 
and 19 months post-release were calculated to determine the size of the 
habitat needed by translocated koalas moved into an unknown forest. 
Distances from release site and areas of exploration were compared between 
sexes and age groups and amongst forests. Statistical analysis showed no 
significant difference between sexes within the three forests. No significant 
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difference was also shown between age groups within forests with the 
exception of Enfield Forest where, adults’ furthest distance was farther than 
sub-adults’ (n=10; U=2; p=0.031). Data for females and males were also 
compared amongst forests. Analysis on females’ areas of exploration and 
furthest distances from release site showed no significant difference amongst 
the three forests. Males’ data were only compared between two forests; no 
significant difference was also found between forests. 
Regular weighing, blood sampling (for ELISA testing) and the swabbing of 
uro-genital areas (for DIF or cell culture and PCR) over a period of two years 
were used to assess the impact of Chlamydia on the released animals. 
Animals tested on French Island did not show presence of chlamydial 
infection. Six months post-release 9 out of 16 females and 3 out of 9 males 
showed the presence of high chlamydial antibody titre (ELISA>1). Uro-genital 
swabs revealed that all the examined koalas were negative to the presence of 
chlamydial organism. A Kruskal-Wallis test showed a difference in the 
presence of the infection in the three forests (p=0.036). The weight change 
after six months was associated with the presence of Chlamydia and with the 
age of the koalas. There was in fact a negative correlation between 
Chlamydia antibody titre and weight change (Pearson’s correlation test: r=-
0.592, p=0.001), and negative correlation between age and weight change 
(Pearson’s correlation test: r=-0.636, p=0.001).  
Chlamydial antibodies were also present in the progeny of Chlamydia-positive 
mothers. After the second breeding season only one live young was found in 
a chlamydial negative female’s pouch. The other 11 females were Chlamydia-
positive and did not have progeny after the second mating season. At the end 
of the study 16 out of 17 koalas were Chlamydia antibody positive, 11 out of 
16 were also positive for the presence of Chlamydia organism in the uro-
genital area. C. pecorum affected 7 out of 9 koalas, 1 out of 9 were affected 
by C. pecorum and C. pneumoniae and 1 out of 9 by C. pneumoniae.  
Koalas in the three forests used a variety of Eucalyptus species. In Lal Lal 
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Forest, koalas were found in 15 tree species some of which were actively 
chosen some were actively avoided. No one species was preferred by all the 
koalas. A G-test performed on the frequencies of the diameter at breast height 
over bark (DBHOB) of the trees surveyed and the trees used by the koalas 
showed a significantly difference between the two group of values (p> 0.01, 
df=7).  
In Enfield Forest koalas were found in 20 tree species, some were actively 
selected (E. obliqua/E. baxteri, E. ovata and E. viminalis) and some were 
actively avoided (E. aromaphloia). Nine out of twelve koalas were found 
mainly in E. obliqua/E. baxteri, one was found mainly in Pinus radiata and two 
(mother and her young) in E. camaldulensis. The frequencies of DBHOB of 
trees surveyed and trees used by the animals were statistically significantly 
different (G-test: p.0.01, df=5). Seven out of ten translocated koalas in Enfield 
Forest used the re-growth on trees that were burnt in the 1995 fire.  
In Creswick Forest koalas were found in 16 tree species. A G-test showed that 
the proportion of trees surveyed and trees chosen by the koalas were 
statistically significantly different (p=0.01, df=5). Six out of eleven koalas were 
found in E. viminalis, 3 out of 11 in E. ovata and two mostly in E. obliqua/E. 
baxteri. The frequencies of the DBHOB of the trees surveyed were highly 
statistically different than the frequencies of the trees used by koalas (G-test: 
p=0.01, df=7). Five out of ten translocated koalas and the progeny of one of 
the translocated females used the re-growth on trees that were burnt in the 
1997 fire. 
The three chosen forests were adjoining private properties. Twenty-four out of 
thirty translocated koalas (including those that died within three weeks post-
release) were found in trees on private properties. 
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 Chapter 1    
 Introduction 
1.1 BACKGROUND 
The Koala (Phascolarctos cinereus) is the largest arboreal marsupial living in 
the forests of the eastern and south-eastern Australia. Morphology, colour and 
thickness of the coat vary with latitude, with animals from the north of the 
range smaller in size as well as having a thinner and lighter coat. Queensland 
male koalas weigh an average of 6.5 kg and females an average of 5.1 kg, 
the average weight of the Victorian koala is around 11.8 kg for males and 7.9 
kg for females (Martin & Lee 1984). Due to these variations, taxonomists have 
separated the koala into three subspecies but no serious attempt has been 
made to define their distribution: P. cinereus adustus (Thomas 1923) the 
Queensland koala, P. cinereus cinereus (Goldfuss 1817) the New South 
Wales koala, and P. cinereus victor (Troughton 1935) the Victorian koala 
(Martin 1983).  
Koalas’ diet consists mostly of foliage of trees from the genus Eucalyptus 
(Hindell et al. 1985). In Victoria, their preferred tree food species are 
Eucalyptus viminalis (Manna Gum) and Eucalyptus ovata (Swamp Gum) 
(Hindell et al. 1985; Hindell & Lee 1987). Past studies have shown that this 
preference has often led koalas to defoliate E. viminalis and sometimes 
E. ovata, whilst leaving other tree species more or less untouched (Martin 
1985a; Hindell & Lee 1990). This preference, however, may change 
seasonally (Hindell & Lee 1990). 
Before European settlement, koalas were widespread from northern 
Queensland to south-eastern South Australia (Lewis 1934). However, due to 
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the limited availability of accurate historical information it is difficult to assess 
and compare koala population levels over time. Some texts (e.g. Warneke 
1978; Kohen 1998) suggest that before the arrival of Europeans, koala 
numbers were kept relatively low, as a result of hunting by native Australians 
and the fire regime they applied to forests as well as predation by the Dingo 
(Menkhorst 1996). With the arrival of the white settlers and the consequent 
decline of Aboriginal populations, around the 1860s koala numbers increased 
throughout Australia. However between the end of the 19th century through to 
the 1920s, following intensive hunting by white Australians, deforestation 
wildfires and diseases (Warneke 1978; Phillips 1990), many koala populations 
crashed. It was estimated koala numbers were around 10 000 in Queensland 
and in the hundreds in New South Wales (Phillips 1990). In southern Australia 
koalas were forced to near extinction (Pratt 1937). In 1934 Lewis estimated 
that around 1 000 koalas survived in Victoria, and that the South Australian 
population was extinct. These figures, although estimates, give an idea of the 
impact Europeans had on koala populations (Phillips 1990).  
1.1.1 Early translocations 
Between 1880 and 1900, a few koalas were introduced from Corinella 
(mainland Victoria) to French Island in the Western Port Bay (approximately 
70 km south-east of Melbourne) (Lewis 1934, 1954). The population of koalas 
on French Island increased rapidly due to absence of the influences that 
caused their decline on the mainland (Warnake 1978), the optimal food tree 
species, the absence of predators (Pratt 1937) as well as their Chlamydia-free 
status (Backhouse & Crouch 1990). By the 1920s eucalypt defoliation had 
become a problem. In 1923, a translocation programme was begun to 
alleviate the pressure on the island’s vegetation (Phillips 1990). To re-
establish populations, koalas were released into their former Victorian 
mainland range and onto islands because of the low fire risk and low levels of 
human activity (Martin 1989). Koalas were also translocated to Phillip Island, 
Chinaman Island, Quail Island in Western Port Bay (Victoria) (McNally 1957; 
Martin 1989), Kangaroo Island (South Australia), and Raymond Island 
2
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(Victoria) (Mitchell et al. 1988). Choosing islands as release sites, however, 
proved to be detrimental both for the well being of the animals and the 
environment. Koalas did not historically occur on islands; the lack of predation 
and the impossibility of dispersing from these habitats caused an increase in 
their numbers to such an extent that in some instances the animals died of 
starvation after overbrowsing their preferred food trees (Kershaw 1934; 
Warneke 1978; Martin 1985 a, b, c; Martin 1997; Martin & Handasyde 1999).  
Some of the release sites on the mainland were patchy areas of habitat where 
koalas could not disperse from. Their release into these habitats has again 
caused koalas to overpopulate the area. Overbrowsing of E. viminalis and 
E. ovata became, once more, an issue (Menkhorst et al. 1998). 
By translocating surplus animals, government agencies have achieved two 
results: the ‘filling in’ of areas where koalas historically existed and the 
decrease of koala numbers in overpopulated sites. Over 17,000 koalas have 
been moved from overpopulated areas on islands or the mainland to more 
than 230 release sites in Victoria and South Australia (Menkhorst pers. com.)1.  
1.2 MANAGEMENT ISSUES 
While at the beginning of the 20th century the objective of translocations of 
koalas was to manage an endangered species (Menkhorst et al. 1998), the 
objective of the continuing programme has now shifted to the management of 
‘overabundant’ populations (Australian and New Zealand Environment 
Conservation Council - ANZECC 1998) to protect vegetation from 
overbrowsing. In a general sense an overabundant population is a population 
(introduced or native) that is negatively impacting on the environment. This 
situation can be the result of altered equilibrium in the population dynamic 
caused by human activity (Rodger 1998).  
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1.2.1 Options 
Wildlife managers and scientists argue over the success of translocation of 
koalas as a population control tool in comparison to other population 
management methods (Menkhorst et al. 1998). A few options have been 
considered for reducing overpopulation:  
1) Do nothing. This option is not acceptable because of the impact koalas 
would have on the trees. Koalas would overbrowse and kill their food 
trees jeopardizing their own existence (Martin & Handasyde 1999), 
2) Culling. This has been suggested by some authors (Martin 1997; 
Tyndale-Biscoe 1997). Culling, however, has caused much concern 
and controversy among politicians and the community (Menkhorst et al. 
1998). It was precluded as an option from the National Koala 
Conservation Strategy (ANZECC 1998), 
3) Fertility control. Sterilisation of males and controlling fertility in females, 
with hormonal implants, is currently being tested in conjunction with 
translocation in South Australia and Victoria (Menkhorst et al. 1998). 
This practice is ethically acceptable and can be used when dealing with 
populations of up to several thousand animals (Menkhorst et al. 1998), 
4) Translocation. This is the solution that has been practised since the 
1920s and is the method accepted by the community and scientists, as 
both are workable and effective in reducing koala populations. 
However, there are some concerns related to this methodology. 
 These concerns are explained below. 
1.2.2 Issues related to translocation 
A few issues are associated with the translocation method. These can be 
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grouped into two main categories: ethics and costs. 
1. Ethics. Translocation should be analysed from an animal welfare 
perspective. Any movement of wildlife to new areas can cause issues 
related to the introduction of diseases and/or alien genes. 
Organisations that deal with translocations of wildlife (IUCN 1995; 
AWMS 1997) have acknowledged the risks related to disease 
transmission and introduction of new genes in any movement of 
animals to areas where resident population are present.  
Disease. It is now recognised that every animal can potentially carry 
bacteria, fungi, viruses and parasites that can be released into the 
habitat (Dein et al. 1995). Furthermore, diseases can be transmitted to 
released animals by resident populations occurring at the release sites, 
as has been documented for species including koalas and macropods 
(Lee et al 1990; Short et al. 1992). 
Chlamydial disease. Diseases in koalas causing pathologies in the 
reproductive tract and in the eyes were already known at the beginning 
of the 20th century (O’Donogue 1916). The understanding of Chlamydia 
in koalas has improved during the past 80 years. Cockram and Jackson 
(1974), linked Chlamydia to keratoconjunctivitis and McColl et al. 
(1984) linked reproductive tract disease to the same micro-organism. It 
was then thought that the species C. psittaci was the causative agent. 
It is now known that koalas are infected with two species of Chlamydia: 
C. pneumoniae and C. pecorum (Girjes et al. 1994; Glassick et al. 
1996). Chlamydia pneumoniae affects the eyes, lungs and can cause 
uro-genital tract disease; it is, however, less virulent than C. pecorum 
which can also cause ocular and uro-genital infection (Glassick et al. 
1996). The French Island population is - unlike most others - 
Chlamydia-free (McColl et al. 1984; Lee & Martin 1988); mainland 
Victorian populations are mainly Chlamydia-positive (Obendorf 1981; 
Lavin et al. 1990; Timms et al. 1996; Martin & Cross 1997; Menkhorst 
et al. 1998). Animals translocated from a Chlamydia-negative habitat 
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might be infected when moved into a Chlamydia-positive area (Lee et 
al. 1990). The disease has been the cause of decline of koala numbers 
in some populations (Menkhorst 1996). 
Genetics. Most Victorian koalas, with the exception of the South 
Gippsland population, are descendents of the small founder group on 
French Island (Menkhorst 1996). It has been shown (Houlden et al. 
1996; Taylor et al. 1997) that mainland animals have a low genetic 
variability deriving from severely bottlenecked island populations. The 
low genetic variability could have a negative effect on the fitness of 
koalas (Sherwin et al. 2000). There have been indications of low levels 
of normal sperm activity, gross spinal deformities and testicular aplasia 
(degeneration or abnormal formation of the testicles) in some southern 
populations with low genetic variation (Johnsson 1998; Montgomery et 
al. 2001). 
Habitat. Koalas defoliate E. viminalis if it is dominant at a release site 
(Menkhorst et al. 1998). A previous study (Lee et al. 1990) suggested 
that translocated koalas might survive in habitats where E. viminalis is 
not the main species. It is important, therefore, to determine the 
outcome of translocations in areas where E. viminalis is not the main 
species.  
Stress. Translocation of wildlife involves capture, handling, transport 
and release into areas that are unknown to the animals. These phases 
may cause stress to individuals especially if these are prolonged. There 
is little in the literature dealing with stress caused by translocation. The 
limited acknowledgement could be due to the assumption that the 
outcomes justify the means. It is accepted that the animals will suffer 
for a short time if this will be beneficial to a population or the species. 
Although in any translocation maximal care is given to the welfare of 
the individuals, it cannot be ignored that the handling of wildlife could 
create stress that needs to be minimized to achieve optimal outcomes. 
The Koala Management Task Force (1996) called for guidelines to 
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ensure the welfare of individual animals. The New South Wales Koala 
Research Committee (2000) issued guidelines for the capture and 
handling of koalas during research. Any translocation should be 
carefully analysed to balance the potential threat to individuals versus 
the long-term benefit to the population or the species. 
2. Cost. The availability of economical resources for wildlife conservation 
is generally insufficient and poorly available (Copley 1994; Martin 
1997). Translocation of koalas has been estimated to cost between 
$100 and $200 per animal. For some this expense is not justified 
because they regard koalas as pests (Tyndale-Biscoe 1997) and some 
scientists believe less expensive alternatives to translocation should be 
found (Martin 1997). Koalas, however, are loved worldwide and 
contribute an estimated one billion dollars a year to the Australian 
economy through tourism (Sarre 1999). Killing koalas has been ruled 
out because it would not be accepted either politically (Sarre 1999) or 
socially (Menkhorst 1996). Until safe and effective alternative forms of 
population control are found, translocation will need careful planning to 
be a cost-effective management tool (Norton 1994). 
Not enough emphasis has been given to assessing the fate of the 
translocated animals (Norton 1994). To date only two investigations (Lee et al. 
1990; Clark 1998) have been carried out on their health, dispersal and 
survival in a new environment.  
1.3 PURPOSE OF THE STUDY 
Translocation of koalas in Victoria is now undertaken as a management tool to 
reduce the impact of the animals on their environment in areas where 
overbrowsing of food trees is occurring. To reduce overbrowsing the sites 
chosen for this trial were characterised by a variety of Eucalyptus species as 
well as a limited availability of E. viminalis and E. ovata (Land Conservation 
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Council Victoria report for the Ballarat region - LCC - 1980).  
The general approach during translocation programmes, until now, has been 
to release koalas, without extensive or long-term studies on health and 
survivorship (Norton 1994). This lack of information has impacted on the 
ethics of this management resource.  
The 26 months study presented in this thesis addresses these issues. In 
doing so, it extends the knowledge base on koala management currently 
available to scientists and organisations involved with koala relocations. 
Translocations of koalas over the past few decades in Victoria, has resulted in 
this species now occupying most of its former range. Threfore, the hypothesis 
of this research was that translocation does not impact on koalas’ health 
and/or survivorship. To test this hypothesis 30 koalas were translocated from 
French Island to mainland forests in the Ballarat area. The composition of the 
group was characterised by both sexes and a wide range of age classes 
(between two and nine years).  
This study examined: 
• The survival rate of the koalas during the translocation trial and their 
movements at the release sites; 
• The impact of chlamydial disease on the health of the translocated 
koalas and their progeny; 
• The tree use by koalas in the new environment; 
• The management implications based on the results of this study.
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 Chapter 2    
 Translocation, survival and movements 
2.1 OBJECTIVES OF THE CHAPTER 
As previously discussed, it has been assumed that past translocations in 
Victoria have been successful. This is based on population increase 
throughout the State from released koalas (Melzer et al. 2000). However, the 
impact of translocations on the released colonies has not been previously 
examined for an extended time period. 
The main objective of the chapter is, therefore, to examine the outcome of the 
translocation of 30 koalas over a 26-month period. Survival rate, reproductive 
success and growth will be examined. Other questions addressed are: 
a) Is dispersal from the release site and size of area used by the 
translocated koalas at the release site a function of sex or age?  
b) How long after release will translocated koalas settle in the new 
environment? 
2.2 LITERATURE REVIEW 
2.2.1 Definitions and guidelines  
The movement of wildlife is rapidly becoming a common tool in the 
management of wild populations (The World Conservation Union - IUCN 
1995). There are a few terms commonly used to describe this procedure. 
These are Re-enforcement, Benign introduction, Translocation and Re-
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introduction. The term Reinforcement is used to describe the addition of 
individuals into an already existing population. Benign introduction refers to 
the attempt of establishing a species outside its distribution for the purpose of 
conservation. The terms translocation and re-introduction are used within this 
thesis and defined as follows. 
Translocation is described as:  
Deliberate and mediated movement of wild individuals or populations from one 
part of their range to another (IUCN 1995, p.2); 
Re-introduction refers to:  
An attempt to re-establish a wild population in an area that was once part of its 
historical range, but from which it has been extirpated or become extinct. 
(IUCN 1995 p.2).  
Translocation is a term that is also used to indicate the movement of surplus 
wildlife from specific populations impacting on the habitat. In such cases, 
translocation is carried out to reduce overcrowding and/or damage to habitats 
(ANZECC - 1998). Because of the prevalence of these phenomena, the World 
Conservation Union/Species Survival Commission (IUCN/SSC) Re–
introduction Specialist Group (RSG) developed the IUCN Guidelines for the 
Re-introduction and Translocation of Living Organisms in 1995. The 
guidelines aim to ensure that proper actions and research are undertaken 
before and after any re-introduction or translocation. 
The document states that, before a re-introduction or translocation is carried 
out, background research should include:  
… description of habitat preferences, intraspecific variation and adaptation to 
local ecological conditions, social behaviour, group composition, home range 
size, shelter and food requirement, foraging and feeding behaviour, predators 
and diseases … an understanding of the effect the re-introduced species will 
have on the ecosystem is important for ascertaining the success of the re-
introduced population … (IUCN 1995, p.3).    
The document also stresses that habitat restoration, if necessary, should be 
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initiated before re-introduction is carried out. Among other actions, post-
release activities should include: monitoring, demographic, ecological and 
behavioural studies of the process of long-term adaptation by individuals and 
the population. The publication of scientific and non-scientific reports was also 
emphasized. It is also stated that the welfare of the released animals is of 
foremost importance during the various stages of re-introduction (IUCN 1995). 
The Australasian Wildlife Management Society has also published a Draft 
Position Statement for Translocation for Conservation (AWMS 1997). 
Although the document acknowledges and draws upon the IUCN Guidelines, 
the recommendations have been modified to satisfy the evolving management 
of wildlife. The AWMS (1997) statement emphasizes the need for full 
documentation of the whole translocation to ascertain the success or 
otherwise of the programme. 
2.2.2 Background 
Translocation is considered to be an important conservation tool for the 
management of numerous wildlife populations throughout the world (AWMS 
1997). 
Loss of habitat, over-hunting, pollution, introduction of exotic species and 
human activities generally are the most common causes of wildlife declining or 
becoming extinct (Griffith et al. 1989, Bright & Morris 1994, Saunders 1994). 
Re-introduction has been used throughout the world to save threatened or 
endangered species from extinction. A few examples are: 
• England: Muscardinus avellanarius (Dormouse) (Bright & Morris 1994).  
• New Zealand: insects such as Deinacrida. sp. (Mahoenui Giant Weta), 
Placostilus sp. (Land Snails) (Sherley 1994), Leiolopisma acrinasum 
(Fiordland Skink) (Thomas & Whitaker 1994) and birds such as Mohoua 
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albicilla (Whitehead) and Petroica australis longipes (North Island Robin) 
(Armstrong et al. 1994). 
• Australia: Parameles gunnii (Eastern-barred Bandicoot) (Dufty et al. 1994), 
Macrotis lagotis (Bilby) (Southgate 1994) and macropods, for example, 
Setonix brachyurus (Quokkas) and Macropus eugenii (Tammar Wallaby) 
(Short et al. 1992).  
Translocations, however, have often resulted in failure (Southgate 1994) and 
the outcomes have been poorly documented (Short et al. 1992). 
Translocation can also be practised to reduce the pressure on ecosystems 
caused by high animal density. The exigency is to move individuals from 
densely populated areas to less densely populated sites to alleviate the 
impact on an overloaded ecosystem. Examples include Odocoileus sp. 
(Black-tailed Deer) (O’Bryan & McCullough 1985), Koala (Backhouse & 
Crouch 1990, Lee et al. 1990, Menkhorst et al. 1998), Loxodonta sp. 
(Elephant) (Whyte et al. 1998) and Cynomys sp. (Prairie Dog) (Gewirtz 1999). 
In some instances, however, populations may exceed the presumed ideal 
number at a particular area, whilst the species is not facing problems on a 
larger scale (i.e. low overall population numbers) (Whyte et al. 1998).  
2.2.2.1 Translocation: how can its success be determined? 
Before a translocation programme can be defined as successful, it is 
important to develop suitable assessment criteria (Seddon 1999). The 
definition of a successful translocation varies amongst authors: establishment 
of a self-sustaining population (Griffith et al. 1989), of at least 500 individuals 
(Beck et al. 1994 in Seddon 1999) or successful breeding of the first wild-born 
progeny (Sarrazin 1996 in Seddon 1999), are some of the definitions.  
If a translocation project is judged to be successful because a self-sustaining 
population is achieved (Griffith et al. 1989), the judgement can only be valid at 
the time it is made (Seddon 1999). Many demographic parameters are 
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needed to determine the long-term success of a translocation: survival of the 
translocated population, breeding success of the translocated animals and 
their offspring and, finally, the persistence of the re-established population. 
The latter could be assessed through extinction probability models (Seddon 
1999).  
It is important to consider translocation programmes as a tool for the long-term 
survival of a species and not only as a simple short-term management option 
(Southgate 1994). It is therefore significant that the reasons for a population’s 
decline or prosperity are known (Southgate 1994) and that previous 
translocations are reviewed so that optimal results may be achieved in the 
future (Backhouse et al. 1994).     
2.2.2.2 Factors influencing success 
Several factors are known to influence the result of translocations: timing, 
introduced predatory and non-predatory species, genetics, diseases, habitat, 
release onto islands, computer modelling and community involvement.  
Timing 
The success rate is higher if the translocation takes place at an optimal period 
of the year, which varies among species (i.e. in the case of koalas in south-
eastern Australia, in early summer when the weather is more likely to be dry 
and the temperature moderate) (Martin 1989; Bright & Morris 1994).  
Introduced predatory and non-predatory species 
It is important that the impact and interference of introduced species such as 
predators, rabbits and stock, has been minimal in the chosen release area 
(Short et al. 1992).  
It has been demonstrated that cursorial predation is among the limiting factors 
influencing the success of many translocations (Short et al. 1992; Backhouse 
et al. 1994; Veitch 1994; Southgate 1994). Absence or effective control of 
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predators is, therefore, a prerequisite to successful translocations (Short et al. 
1992; Dufty et al. 1994; Friend & Thomas 1994; IUCN 1995).  
Non-predatory animals may also influence the success of translocations. 
Experimental studies on the impact of Oryctolagus cuniculus (Rabbit) on 
marsupial herbivores have shown that these marsupials were more abundant 
in rabbit-free areas than in non-treated areas. The presence of other grazing 
animals such as sheep and feral goats also diminished the survival of these 
marsupials (Mutze & Cooke 1998). 
Genetics 
There are genetic problems associated to any movement of wildlife. Greer 
(2001) warns about the dangers of moving animals, adapted to live in a 
geographical area, into different areas since their genetic make-up would 
disrupt the genetic pattern of populations existing at the release site. 
Furthermore, the individuals that are forcefully moved to the new site might 
not survive the sudden environmental changes. Nevertheless, as 
translocations for conservation are carried out in increasing numbers the 
IUCN (1995) guidelines suggest that to avoid the introduction of alien genes 
there should be no remnant population or only a few individuals left at the 
release site.  
It is also important to choose appropriate areas from which animals are 
moved. Thomas & Whitaker (1994) suggest that translocated animals be 
taken from widely separated areas. This will avoid “genetic bottlenecks” in the 
new populations by broadening the genetic pool of released animals. Wildlife 
living in small island populations should not be considered for further 
translocations because of the likelihood of a narrow gene pool and prospects 
of inbreeding and reduced adaptive flexibility (Copley 1994). 
Disease 
One of the reasons for the potential failure of a translocation is the effect of 
diseases on the translocated animals and on the resident animals at the 
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release site. Wildlife scientists recognise that each individual carries 
microorganisms (e.g. virus, bacteria, fungi) that could endanger the survival of 
translocated individuals or the population at the release site. Released 
animals can carry diseases that may affect various species. For example, the 
introduction of several species of parrots, raccoons, elks, rattlesnakes and 
others has caused the spread of diseases to existing populations at the 
release site (Dein et al. 1995; McNally et al. 1999), The opposite can also 
happen when introduced animals become infected with diseases existing at 
the release site as in the case of koalas and various species of macropods 
(Lee et al 1990; Short et al. 1992). 
Habitat 
The success rate is higher if the chosen habitat is of high quality (Griffith et al. 
1989; Saunders 1994) and within the species’ historic range (Martin 1989; 
Griffith et al. 1989; Copley 1994; Southgate 1994; IUCN 1995).  
Many authors report a high success rate for translocations onto islands (Short 
et al. 1992, Copley 1994, Saunders 1994, Sherley 1994). The higher success 
rate of translocations onto islands (i.e. macropods) as compared to mainland 
sites is due to ‘the relative ease’ of repairing the habitat and controlling 
predators on islands (Veitch 1994). Once exotic animal species have been 
removed from islands it is relatively simple task to restore the habitat. By 
contrast after exotic species have been removed from an area on the 
mainland, they can easily re-invade from surrounding areas (Veitch 1994). A 
high success rate has been reported, especially if cursorial predators are 
absent, although in some cases, the chosen islands have no historical record 
of the translocated (introduced) species (Short et al. 1992).  
There are, however, disadvantages associated with the use of islands for 
translocation (Short et al. 1992; Copley 1994). The release of animals onto 
islands, that are not part of the range of the species, can cause undesirable 
changes in the vegetation. In the case of Macropus eugenii introduced to 
Greenly Island, or Macropus fuliginosus (Western Grey Kangaroo), 
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introduced onto Granite Island (Short et al. 1992; Copley 1994) preferential 
grazing of particular species has converted the diverse shrubland into 
depauperate grassland. Translocation of koalas onto southern Australia 
islands has proven to be successful but damaging for the environment. As 
food sources are finite and animals cannot disperse, overpopulation has 
caused overbrowsing of food tree species (Backhouse & Crouch 1990; Copley 
1994; Menkhorst 1996). Contrary to the Victorian islands situation, the 
population of koalas introduced onto Magnetic Island in Queensland shows 
signs of fluctuation and overpopulation is not an issue (Phillips 1990). 
In their theoretical assessment, Griffith et al. (1989) demonstrated that 
translocation success rate is higher if the founder group is large and is 
released in the core of the species’ range. However, if the habitat is of low 
quality and has not been prepared and the limiting factors ameliorated, the 
release has a low chance of success (Griffith et al. 1989) (i.e. the demise of 
the translocated animals is likely). 
Computer modelling 
To improve the chances of success in a translocation, the use of computer 
models has been evaluated (Lindenmayer 1994). Computer-based modelling 
packages include BIOCLIM for determining the climatic envelope, Population 
Viability Analysis (PVA) to estimate the probability of persistence of 
populations given various demographic parameters, and Geographic 
Information Systems (GIS) to identify areas of suitable size and configuration 
(Burroughs 1986 in Lindenmayer 1994).  
Community involvement 
The involvement and support of the human community is important in 
relocation projects, especially in controlling exotic species on private land 
(Backhouse et al. 1994). Since European settlement 65% of forested areas 
have been cleared and most forests are on public land. The amount of 
privately owned land which is used for mining, agriculture, industry, housing 
and farming varies within each state of Australia. In Victoria the proportion of 
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private land is 68% (Bennett 1995) (6% carries approximately 10% tree cover) 
(ANZECC 1998). Therefore, the management of private land is of primary 
importance to the conservation of Australian fauna (Bennett 1995). This can 
be also related to the isolated, small population of koalas where regional 
management of habitat on private land (New South Wales) is seen as the key 
role for the long term survival of these populations (Lunney et al. 2002). 
2.2.3 Movements of translocated animals 
Movements of translocated wildlife have been studied in many species (i.e. 
Bettongia - Bettong; Crotalus - Rattle Snake; Cervus elaphus - Pennsylvania 
Elk; Martes pennantis - Fisher as well as Phascolarctus cinereus - Koala). 
After releases, most individuals display larger home ranges than the 
individuals in resident populations. An extensive dispersal from release site 
also occurs. This behaviour has been attributed to the animals need to 
explore the new unfamiliar habitat in search of prey and/or shelter (Proulx et 
al. 1994; McNally et al. 1999; Cogan et al. 2002). Studies (i.e. Lee et al 1990; 
Bright & Morris 1994; Pietsch 1994) have shown that distances travelled from 
release sites and the time needed by the translocated animals to settle varies 
between species and individuals and it is sometimes also different between 
sexes.  
2.2.4 Legal status of the koala in Australia 
Due to habitat clearing and fragmentation, diseases and other threats koala 
numbers have declined across parts of the koalas’ range (Martin & 
Handasyde 1999). The difficulty in determining their number in each state has 
led to disagreement over their legal status at the national level. Two 
nominations were forwarded in 1996 by Dr. Tony Norton, Dr. Frank Carrick, 
Mr. Alistair Melzer and Associate Professor Harry Recher to the Federal 
Minister for the Environment for consideration for listing under the 
Endangered Species Protection Act (Endangered Species Scientific 
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Subcommittee – ESSS - 1996). The first nomination was for Part 1 of 
Schedule 1 - Species that are endangered; the second was for Part 2 of 
Schedule 1 - Species that are vulnerable. 
In support of the first nomination was the destruction and modification of the 
koala habitat and range, disease, and other anthropogenic (e.g. habitat loss) 
and natural factors that can threaten the koala existence.  
The second nomination also included habitat destruction, modification, 
diseases as well as fragmentation and bushfires. It was estimated that the 
Australian population was between 45 000 and 80 000; with numbers in 
Queensland being between 25 000 and 50 000, NSW between 10 000 and 
15 000 and Victoria and South Australia between 10 000 and 15 000. 
The ESSS (1996) sought comments from various scientific bodies and 
individual scientists as well as State conservation agencies. On 21 April 1996 
the Minister for the Environment accepted the ESSS advice not to list koalas 
as endangered or vulnerable because: 
The species is not currently in danger of becoming extinct, nor is likely to 
become endangered within the next 25 years because it is relatively abundant 
and widespread nationally and is not declining at a rate that would cause 
extinction in the foreseeable future (ESSS 1996). 
Nevertheless, the ESSS recommended the urgency of finalising and 
implementing the National Koala Conservation Strategy by ANZECC due to 
the decline in some parts of its range and the public concern on its 
conservation. The main reason for failing to obtain the listing was the lack of 
data relating to a national view on the status of the koala (ESSS 1996).  
This is emphasized in a state-by-state analysis on the status of the koala 
throughout Australia (ANZECC 1998). The koala is listed in three States 
(Queensland, New South Wales and South Australia) under various 
government Acts (e.g. the NSW Threatened Species Conservation Act 1995). 
In Queensland they are listed as common wildlife, vulnerable in New South 
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Wales, and rare in South Australia. However, the variation in koala numbers 
across their range within each State is not considered in the ANZECC 
document (Melzer et al. 2000). Their status in Victoria as well as the 
Australian Capital Territory is not designated (Martin & Handasyde 1999).  
2.2.5 Translocation of koalas  
Before European settlement, koalas were widespread in mainland Australia 
from northern Queensland to south-eastern South Australia. (Lewis 1934). 
Due to the limited availability of accurate historical information it is difficult to 
assess and compare koala population levels over time. Some texts (e.g. 
Warneke 1978; Kohen 1998), suggest that before the arrival of European 
settlers koala numbers were kept relatively low as a result of hunting, the fire 
regime applied to forests by native Australians (Kohen 1998) and predation by 
the Dingo (Menkhorst 1996). There are also accounts and the description of 
hunting techniques used by Gippsland Aboriginals to hunt koalas for food on 
high trees (Campbell 1994). After the arrival of the white settlers the 
consequent decline of Aboriginal populations and the poisoning campaigns to 
reduce Dingo populations around the 1860s, caused koala numbers to 
increase.  
Nevertheless, other texts attribute the decline of the koalas solely to the arrival 
of the white settlers (Lewis 1934, 1952, 1954; Kershaw 1934). In these texts 
koalas were reported to be ‘very numerous’ when the first white settlers 
arrived to Australia. Continuous fires, deforestation, commercial hunting for fur 
trading and clearing to create agricultural land in the early part of the 20th 
century, were the cause for the great decline in koala numbers (Lewis 1934, 
1952, 1954; Pratt 1937, Menkhorst 1996). More than 2 000 koalas were killed 
for fur in one year at Wilson’s Promontory (Victoria) alone (Hardy 1906) and 
from Queensland 1 500 000 koala pelts per year were exported (Pratt 1937). 
Noel Burnet, in a letter written in 1937 (Pratt 1937), expressed his fears that 
koalas could become extinct in Queensland and New South Wales. At the end 
of the nineteenth century a few koalas were moved by private individuals to 
19
 
TRANSLOCATION, SURVIVAL AND MOVEMENT 
French Island from Corinella, on the nearby mainland (Lewis 1934). Islands 
were not part of the koala range before the arrival of the Europeans (Lewis 
1954). Lewis (1934) suggested that, while koalas were thriving on the islands 
in Western Port, in Victoria as a whole there were approximately 1 000 koalas 
remaining and that the South Australia population was extinct. Lewis (1952) 
believed that these island populations saved the koalas from extinction in 
Victoria.  
Koalas are currently still present on some islands in Western Port Bay. The 
first release of a small number of koalas onto an Australian island was onto 
Phillip Island from Bass River in 1870 (Lewis 1954). More releases occurred 
throughout the following years during which French Island was also targeted. 
Numbers on French Island increased rapidly due to low human activity, and 
the presence of their optimal food tree species: E. viminalis, E. ovata, 
E. obliqua (Messmate), E. radiata (Narrow-leaved Peppermint) and 
E. botryoides (Southern Mahogany) (McNally 1957). Signs of overbrowsing of 
the food tree species at the beginning of the 1920s forced the Victorian 
Fisheries and Game Department to begin a translocation programme. This 
was intended to alleviate the pressure on the island’s vegetation. By 1923 
koalas were released only in areas of suitable habitat larger than 3 000 
hectares and with low human interference on Phillip Island, Chinaman Island 
and Quail Island (in 1934) in Western Port (Lewis 1954; McNally 1957; 
Warneke 1978). Islands were also targeted because of the low fire risk (Martin 
1989). In 1954 koalas were also relocated from French Island into mainland 
sites: Mt. Cole State Forest and Stony Rises (McNally 1957). Other release 
areas included Raymond Island in the Gippsland Lakes, Victoria (Mitchell et 
al. 1988) and Kangaroo Island in South Australia (Martin & Handasyde 1999).  
Koalas on some of these islands (i.e. French Island, Kangaroo Island) and on 
some mainland sites (i.e. Tower Hill Game Reserve and Framlingham Forest -
Victoria), where their habitat occurs in small patches, overbrowse their food 
trees and therefore jeopardise their own existence (Martin 1985a,b,c; 
Menkhorst 1996; Menkhorst et al. 1998). 
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Over 14 600 koalas have been moved from overpopulated areas to more than 
200 release sites in Victoria and South Australia  (Menkhorst et al. 1998). 
2.2.5.1 Issues related to koala translocation in Victoria 
While at the beginning of the century koalas were translocated (re-introduced) 
in order to manage an endangered species (Lewis 1952; Menkhorst et al. 
1998), the aim of the translocation has recently shifted to manage ‘over-
abundant’ populations (ANZECC 1998). Translocation of surplus koalas is a 
means of keeping populations at low densities in problem areas such as 
islands and patchy forest areas where koalas are overbrowsing their preferred 
food trees (Backhouse & Crouch 1990; ANZECC 1998; Menkhorst et al. 
1998).  
Post-release monitoring of translocated animals is essential to maximise the 
long-term success of translocations (IUCN 1995). Warneke (1978) highlighted 
the lack of knowledge of the success or otherwise of the various 
translocations. In fact since the 1920s, only two post-release studies (Lee et 
al. 1990; Clark 1998) have been undertaken to determine the status of 
translocated koalas and their impact on the habitat. 
The assumption is that translocations have been successful because koalas 
are now widespread in most parts of Victoria (Menkhorst et al. 1998), but 
problems related to the translocation programme have arisen: 
1) The sites chosen to release koalas have not always been ideal long-
term translocation sites, some sites were poorly chosen leading to 
more overbrowsing problems (Menkhorst et al. 1998). Patchy habitats 
have often been chosen because of the presence of E. viminalis 
(Manna Gum) and E. ovata (Swamp Gum), considered to be staple 
food for koalas. Koalas often cannot disperse from these areas 
because of the lack of corridors connecting with other habitats (e.g. Mt. 
Eccles, Victoria). In turn, this has caused populations to increase 
without the individuals being able to expand their area of distribution. In 
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addition, it has led koalas to overbrowse their preferred tree food 
species with consequent ecological damage and, in some instances, 
population crashes (Braithwaite et al. 1980; Martin 1985 a,b,c).  
2) Current populations of Victorian koalas, with the exception of some 
populations in Gippsland, all originated from the same ancestors (a few 
koalas on French Island) (Menkhorst 1996). Probably due to the history 
of bottlenecks, “periods of small population size” (Sherwin et al. 2000) 
on the mainland and to the extensive release of koalas throughout the 
State (Houlden et al. 1996; Taylor et al. 1997), the level of genetic 
variability has been found to be extremely low (ANZECC 1998; Emmins 
et al. 1996). Loss of genetic variation can cause a reduction in 
reproductive success (Sherwin et al. 2000), the testicles can be 
underdeveloped (testicular aplasia), sperm volume and shape is also 
altered (Johnsson 1998; Montgomery et al. 2001). These changes can 
prove fatal when environmental conditions become extreme (Menkhorst 
1996). 
3) Chlamydial diseases have also had an impact on koala population 
dynamics throughout Victoria (Menkhorst et al. 1998). Chlamydia has 
been shown, eventually, to reduce the reproductive success if the 
released koalas become infected (Lee et al. 1990). However, the lack 
of knowledge about the current status of Chlamydia in Victorian 
populations does not allow researchers to establish koalas’ 
reproductive potential (Menkhorst et al. 1998).  
4) The importance of familiarity of social groups during translocation, in a 
behavioural context, has not been studied to any extent. Phillips (1997) 
has attributed the decline of a population in the Tucki Tucki Nature 
Reserve (NSW), after a few koalas were removed from the area, to 
social disruption. Conversely, Lee et al. (1990) suggested that the 
success of a translocation was not improved by the koalas belonging to 
the same social group. This was despite that in their study, interaction 
during the breeding season was observed between three koalas (two 
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males and one female) from the original socially familiar group. Studies 
carried out on translocated birds (Armstrong et al. 1994) also support 
the idea that translocating familiar animals does not improve the 
chances of success. 
5) Translocation of koalas is expensive (between $100 and $200 per 
animal) (Martin & Handasyde 1999). Some authors believe that these 
high costs are not justified and therefore other management methods 
should be evaluated (Martin 1997).  
2.2.5.2 Definition of the term ‘translocation’ in thesis 
The term translocation in this thesis refers to the movement of koalas from 
overabundant sites as discussed specifically in relation to koalas in Victoria in 
the 1998 ANZECC document. More broadly the ANZECC report agrees with 
the IUCN (1995) view that translocation is the intentional movement of wildlife 
from one part of their habitat to another. 
2.2.6 Summary  
Translocation is frequently used as a management tool to overcome the 
negative consequences caused by overpopulation. The programme is 
particularly costly. The choice of high quality habitat, rehabilitation of release 
sites if necessary, monitoring of the released animals and the receiving 
habitat, is of primary importance in achieving the optimal outcome. 
Demographic, behavioural and ecological studies will lead to a better 
knowledge of translocation success or failure, and will enhance the success 
of future translocations.  
2.3 MATERIALS AND METHODS 
Male koalas and females without progeny born at the release sites were radio-
tracked from October 1997 to May 1999. The research period, for females 
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with progeny born at the release site, was extended to December 1999 to gain 
more information on their movements.  
2.3.1 Koalas 
Thirty koalas were caught from various areas across French Island in October 
1997 by the Department of Sustainability and Environment - DSE - (former 
Department of Natural Resources and Environment - DNRE - Victoria) 
personnel.  
Twenty females (ten sub-adults and ten adults) and ten males (five sub-adults 
and five adults) were caught. Sub-adult koalas in this thesis are independent 
animals between one and three years of age, established by tooth wear 
(Martin 1981). Five of the mature females had back-young and one had a 
pouch-young at the time of capture and release. These young did not form 
part of the study. 
2.3.1.1 Codenames 
The initial of the codename given to the released koalas corresponded to the 
first initial of the name of the forest into which they were released (e.g. 
Elisabeth was released into Enfield). This enabled easy identification of the 
animal with the release forest. For the progeny conceived and born from 
translocated mothers at the release sites, the mother’s name plus the suffix 
“by” for “baby” (e.g. Elisabethby was Elisabeth’s young), was used.  
2.3.2 Capture  
Koalas on French Island were captured by DSE personnel using the method 
describe by Martin (1989). A noose attached to an extending aluminium pole 
(up to 10 m long) was placed around the koala’s neck. The koala was induced 
to climb down by flapping a large piece of material over its head.  
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A different procedure was carried out for the capture of the translocated 
koalas once at the release sites (Plate 2.1). They were captured firstly at six 
months (April 1998), then at 19 months (May 1999) and again at 26 months 
(December 1999) post-release. The method used was as follows: 
An arborist (Robert Amor) was employed to catch the koalas. Once in the tree, 
the climber secured the koala with a loop attached to an extendible pole. The 
loop was first placed around the animal’s neck and then allowed to slide under 
one arm. The animal was then slightly pulled and lowered to the ground into a 
canvas bag, held by two people, where the koala was left for a few minutes to 
rest. From the moment of the capture the whole operation lasted only several 
seconds. This method was used for the following reasons: 
1) With the flagging method described by Martin (1989) the koala fights 
the flag on its way to the ground becoming very stressed, probably as 
the flag appears like a predator to the koala. Young koalas are prey for 
Ninox strenua (Powerful Owl) (Mitchell 1990). It has been noticed that 
koalas often seem to ignore the presence of another koala in the same 
tree (Mitchell 1990). During the capture koalas ignored the presence of 
the tree climber until they felt the loop around their neck.    
2) The height of the trees was far greater in the forests selected for this 
study than the trees where koalas were captured on French Island. An 
extendible pole that could reach the koala would have been difficult to 
manoeuvre.
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Plate 2.1. Capture of a koala at one of the release forests. The arborist (Robert Amor) 
positioned a loop around the neck and under one forelimb of the animal and then 
lowered it to the ground into the canvas bag.
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2.3.3 Examinations 
Three examinations were carried out on the koalas. The first examination was 
undertaken on French Island on the day of capture; it established the health 
and chlamydial disease status of the animals before being released onto the 
mainland. The koalas were again captured and examined at the release sites 
at six and 19 months post-release (April 1998, May 1999), which coincided 
with post mating seasons. It was believed that the released koalas could have 
been affected by Chlamydia during mating if resident koalas were Chlamydia-
positive. 
After their capture on French Island, the animals were left for a few minutes in 
canvas bags to allow them to rest. They then underwent a first examination. 
Their health status was assessed by detecting any external sign of disease or 
injury and by assessing their muscle mass using the description by White 
(1994). Koalas were weighed (Plate 2.2) and their head length measured 
(from the back of the occipital crest to the tip of the nose). Tooth wear was 
used to estimate their age (Martin 1981, 1989). A blood sample was taken to 
be later examined in an Enzyme-linked Immunosorbent Assay (ELISA) for the 
detection of chlamydial antibodies.  
During the second and third examination the health of the koalas was 
assessed by observing their general behaviour, detecting any external sign of 
disease, examining muscle mass, as well as noting any weight change from 
previous examinations. A blood sample was collected for detection of 
Chlamydia antibodies (ELISA test). The uro-genital area of all koalas was 
swabbed (Plate 3.4) for the detection of the Chlamydia antigen using Direct 
Immuno-fluorescence (DIF) and cell culture. Nine koalas were also swabbed 
for Chlamydia antigen and DNA detection using Polymerase Chain Reaction 
(PCR). Koalas were neither anaesthetised nor sedated during examinations. 
They were kept inside the bags and only the genital area was exposed for 
swab collection. This method was satisfactory in managing the animals’ 
stress. During the procedure, koalas neither vocalised nor were they 
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agitated. After examination koalas were immediately released and observed 
to ensure that they were safely climbing the tree.  
In December 1998 four back-young were caught and fitted with radio-collars. 
Their blood was sampled for Chlamydia antibodies. In May 1999, blood 
samples were again taken and swabs for Chlamydia antigen were carried 
out.2
A gross post-mortem examination, to establish the cause of death, was done, 
when possible, on translocated koalas found dead during the study period.  
The examination noted the presence of injuries on skeleton, skull or internal 
organs as well as presence or absence of food in the digestive system. 
2.3.4 Radio-collars  
Koalas were fitted with rubber or leather collars. An elastic section was added 
to the collars after one female died when her collar caught on a tree branch. 
The elastic tape was designed to allow an animal to free itself in similar 
circumstances. It also allowed for neck growth. Collars were fitted with an 
aluminium housing containing a Titley Electronics Microlite GP1 (Titley 
Electronics Australia) two stage radio-transmitter powered by a “C” size cell 
3.6 volts three-year life battery (Plate 2.3). The transmitters emitted individual 
frequencies between 150 and 151 MHz. Transmitters used for back young 
were powered by Keeper 16 P 3.6 volts 12 month-life battery. A Regal 2000 
telemetry receiver (Titley Electronics Australia) was used to receive the signal. 
An “AH/C” antenna was mounted on the car roof to allow for a better 
interception and reception of the signal. 
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Plate 2.2. Koalas were weighed in a canvas bag.    Plate 2.3. Koalas were fitted with radio-collars. 
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2.3.5 Sites 
The day after capture, koalas were transported by trucks (Plate 2.4) in 
wooden crates to the three chosen areas (Plate 2.5), Creswick, Enfield and 
Lal Lal State Forests. The choice of the release site was made after the DSE 
personnel inspected the areas. The Land Conservation Council’s report for 
the Ballarat region (LCC 1980) was also used to determine the suitability of 
the chosen habitats to release koalas3.  
The size of each forest met the criterion of the established preferred 
minimum size of forests for translocation of koalas, this being at least 1 000 
ha (Martin 1989). The areas of the three sites are:  
• Creswick State Forest and Park is approximately 6 985 ha in total. This 
includes a softwood plantation: (approximately 2 850 ha) abutting the 
State Forest;  
• Enfield State Forest and Park is about 9 054 ha. A softwood plantation 
(approximately 54 ha) also abuts the State Forest;  
• Lal Lal State Forest is approximately 1 550 ha. 
Ten koalas were released in each forest (Plate 2.5). Table 2.1 shows the 
distribution (sex and age group) of the translocated animals in each forest. 
Table 2.1. Distribution of the translocated koalas in each forest. 
F= females, M= males 
 Creswick Forest Enfield Forest Lal Lal Forest 
Adult 5 (2F+3M) 5 (3F+2M) 5 (4F+1M) 
Sub-adult 5 (3F+2M) 5 (3F+2M) 5 (4F+1M) 
Two release sites were chosen in each forest. The release sites of the adult 
and sub-adult groups, in each forest, were at least 2 km apart (Creswick, 
Enfield and Lal Lal Maps in Appendix 2). 
                                            
3 More information on release sites has been included in the ‘Materials and methods’ of 
Chapter 4.  30
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Plate 2.4. Koalas were transported by trucks in wooden crates.  Plate 2.5. Koalas were released into the chosen forests. 
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2.3.6 Radio-tracking 
The radio-tracking strategy used in this research was “radio-assisted 
surveillance” (Harris et al. 1990). It is commonly used to locate the studied 
animals and observe their behaviour. This method has been previously 
employed (O’Bryan and McCullough 1985) during a study on the survival of 
translocated Odocoileus hemionus (Black-tail deer) and on translocated 
koalas in Victoria (Lee et al. 1990). In the present study this radio-tracking 
approach was also used to determine the tree species koalas were using.  
Koalas were radio-tracked (Plate 2.6) and located during the day (between 
6:00 am and 1:00 pm) more frequently during the first six months after release 
than during the rest of the study. Initially, they were tracked once a week for 
the first two months, then every two weeks for the following four months, and 
once a month for the last 20 months. This strategy was applied to avoid losing 
radio contact with the translocated animals. A previous study (Lee et al. 1990) 
has shown koalas would cover large distances after release into a new area. 
More recent studies (Nussear et al. 2000, Cogan et al. 2002) on translocated 
Gopherus polyphemus (Desert Tortoise) and Cervus elaphus (Pennsylvania 
Elk) have also shown animals initially cover large distances to explore new 
habitat. 
The position of the koalas at each location was determined using a Global 
Positioning System (GPS).  
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Plate 2.6. Radio-tracking. It was carried out by either holdin  the aerial or by attaching the aerial to the car roof with a suction device. g
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When the signal from a transmitter was not received, the whole study area 
and beyond was surveyed thoroughly by car, especially from ridges and 
hilltops. The site was searched for two to three days consecutively. This 
method proved to be sufficient to locate those koalas that travelled large 
distances during the study. Koalas that lost their collars and could not be 
further monitored as well as those whose body was not found were classified 
as lost (Dufty et al. 1994). 
2.3.7 Furthest distance from release site and area of exploration 
As a measure of dispersal from the release site, ‘the furthest (linear) distance 
from the release sites’ (or farthest radio-fix location) within 126 days post-
release (24th February 1998) (distance 1 - D1) was calculated for 27 of the 30 
koalas (the three koalas that died in Lal Lal within the first four weeks were not 
included in the analysis). The 126th day of the study was chosen as it 
represented the longest time frame when the 27 koalas were available. After 
the 126th day contact was lost with one more koala (Lynne female) in Lal Lal. 
The furthest distance from the release site within 19 months (distance 2 - D2) 
was calculated for 13 koalas that were radio-tracked for the whole research 
period. The distances are shown on the individual koala maps in Appendix 2. 
The ‘area of exploration’ (shown on individual koala maps in Appendix 2) is 
defined in this thesis as ‘an area explored by koalas during a given time’. The 
area of exploration was calculated for 27 of the 30 koalas at the 126th day 
post-release (area 1 - A1), for 13 koalas at the 19th month post-release 
(area 2 - A2). The boundaries of the area of exploration were set by the 
outermost radio-tracking fixes for each koala within set periods.  
Area of exploration and furthest distance from the release site were used to 
determine the extent of habitat needed by the translocated koalas whilst 
exploring the new sites. These measurements are also useful in determining 
the suitability of the size of a forest for koala translocation.  
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This research was not designed to establish home ranges of the relocated 
animals. In a study conducted on resident koalas in the Bremer River 
Catchment in south-east Queensland, White (1994) did not evaluate the home 
range of sub-adult koalas, moving to new areas during natural dispersal, 
because the animals were undertaking exploration. In the present study the 
home range of the translocated koalas was not analysed, as koalas would 
have explored their new environment after release. The use of the home 
range, which can be defined as ”… a more or less restricted area within which an 
animal moves when performing its normal activities” (Harris et al. 1990), was not 
considered appropriate in the case of translocated animals exploring a new 
environment. 
Furthest distances from release site and areas of exploration were not 
calculated for the progeny born at release sites. The maps (Appendix 2) of 
mothers with back-young show their movements as well as both areas of 
exploration and distances from release site. The maps of mothers with 
independent young only show the movements of the individuals. 
It should also be noted that the radio-tracking method used in this study did 
not allow day-by-day movements and locations to be established. It is 
therefore important to underline that the area of exploration could possibly be 
an underestimation of the actual area covered by the animals. 
2.3.8 Data recording and analysis 
The following programmes were used to record and analyse the data. 
Excel version 5.0 (Microsoft) spreadsheets were used to record date, time, 
Global Positioning System (GPS) as well as activity (sleeping, eating, 
climbing) of the animals. Weight, head length measurements, body condition 
and Chlamydia test results were also recorded.  
The MapInfo Professional version 6.0 (MapInfo) programme was used to map 
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the forests’ vegetation and koalas’ release sites. The programme was also 
used to record radio-tracking fixes as well as measure the distance between 
fixes and the size of the areas of exploration. 
The SPSS version 10.0 for Windows was used for statistical tests. A t-test was 
used to determine if the percentage weight change was significantly different 
between females and males. A Pearson’s correlation test was used to 
determine whether there was a correlation between age and percentage 
weight change. A Kruskal-Wallis test was used to determine whether there 
was a difference between the weight change of the koalas amongst the three 
release forests. Statistica for Windows (Statsoft 1999) was used to analyse 
furthest distance and area of exploration. A Mann-Whitney U-test was carried 
out to analyse differences in furthest distances and areas of exploration 
between males and females and age groups within each forest. A Kruskal-
Wallis was used to analyse differences in furthest distances from release site 
and areas of exploration, within same sex, amongst forests.  
2.4 RESULTS  
2.4.1 Fate of the translocated koalas 
Fourteen koalas (12 females and two males) were radio-tracked to the end of 
the research:. One of these males, Luca, was temporarily lost during the study 
as a result of transmitter failure4. This koala was found alive, with the collar 
on, in a private property at the end of the study (December 1999). Seven of 
the thirty translocated koalas died, while eight were lost due to transmitter 
failure or broken collars. One animal was released on the second examination 
after a slight incision, caused by the collar, was found on its neck (Plate 2.7).  
36
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Plate 2.7. Superficial incision, caused by the collar, on the neck of one of the 
translocated koalas.
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Table 2.2 summarises the fate of 17 of the 30 translocated koalas described 
previously. 
Table 2.2. Fate of 17 out of the 30 translocated male and female koalas during the 
study. The table does not include the koalas followed during the whole study period.   
Koalas Deaths Radio failure Broken or lost 
collars 
Released 
(injury) 
Females 5/20 (25%) 2/20 (10%)  0/20 (0%) 1/20 (5%) 
Males 2/10 (20%) 3/10 (30%) 4/10 (40%) 0/20 (0%) 
Total 7/30 (24%) 5/30 (17%) 4/30 (13%) 1/30 (3%) 
Male koalas had higher percentage of radio failure or collar loss (35%)5 than the 
females (10%). A slightly higher percentage of dead animals were found to be 
females (25%) than males (20%). The number of dead or lost koalas differed 
between the three forests (Table 2.3). 
Table 2.3. Comparison between sites of the fate of 17 out of 30 koalas translocated 
during the study. The percentage of the study group lost is in parentheses.    
 Creswick Enfield  Lal Lal 
Dead females 0/6 (0.0%) 1/6 (17.0%) 4/8 (50.0%) 
Dead males 0/4 (0.0%) 1/4 (25.0%) 1/2 (50.0%) 
Total deaths 0/10 (0.0%) 2/10 (20%) 5/10 (50.0%) 
Lost females 2/6 (33.0%) 0/6 (0.0%) 1/8 (12.5%) 
Lost males 3/4 (75.0%) 1/4 (25.0%) 1/2 (50.0%) 
Total loss 5/10 (50.0%) 3/10 (30.0%) 2/10 (20.0%) 
In Lal Lal 50% of the translocated koalas were found dead during the whole 
study period, 30% died within the first four weeks. In Creswick no animals 
were found dead during the study. In Enfield 20% were found dead during the 
whole research period. Creswick was also the forest with more transmitter 
failures or collar losses (50%) followed by Enfield (30%) and Lal Lal (20%).  
2.4.1.1 Details and post mortem 
Figure 2.1 details the fate of the 30 translocated koalas. This figure displays 
the date koalas were last seen and the cause for their death or loss when 
known. Their sex and age were also noted. 
                                            
5 These results include the male koala from Lal Lal (Luca) that was lost due to radio failure and was 
found at the end of the study. The same koala is also included in Table 2.3 and 2.4. 38
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Radio-tracked 
Lost contact
Dead
 Oct. 1997-Apr. 1998 
 Lal Lal: 
Three females 
 1) Ludovica: 4 Y: injured shoulder 
 2) Luna  2Y: starvation 
 3) Lesley 2Y: collar caught in a 
 branch 
 One male : 
 4) Lazarus 9 Y: unknown 
 
 May 1998-May 1999 
 Lal-Lal: 
 One female: 
 5) Lara 10 Y: emaciated (see text)  
 Enfield: 
 One female: 
 6) Elisa 7 Y: gunshot wound on hip 
 One male: 
 7) Ernst 4Y: road killed 
 Oct. 1997-Apr. 1998 
 Lal Lal:  
 One female: 
 1) Lynne 2Y: transmitter failure 
 
 May 1998-May 1999 
 Creswick: 
Three males: 
 2) Chris 2Y: lost radio-collar 
 3) Carl 3Y: lost radio-collar 
 4) Caesar 5Y: lost radio-collar 
Ttwo females: 
 5) Celina 3Y: released (neck injury   
 caused by collar)  
 6) Claudia 5Y: transmitter failure 
 Enfield: 
 Three males: 
 7) Easy 4Y: transmitter failure 
 8) Edward 2Y: transmitter failure 
 9) Emil 3Y: lost radio-collar 
 Lal Lal: 
 One male: 
 10) Luca 3Y: Transmitter failure.    
 Found alive at the end of the study.  
 Health: good 
 Fourteen of the 30   
 translocated koalas were  
 followed until May/Dec. 1999 
 Luca included 
FATE
 
 
 
 
 
Figure 2.1. Details of the fate of the translocated koalas. The approximate age in years Y of 
the animals is indicated. 
Of the six dead koalas listed in Figure 2.1, whose cause of death could be 
established, two were due to human influence: Elisa was shot and Ernst was a 
road kill.  
The remaining four died of a variety of causes; koala Ludovica was found on the 
ground at the base of a tree with a broken shoulder. A gross post-mortem 
revealed an empty stomach. Luna was found dead in a grassy area on a private 
property. A post-mortem also revealed an empty stomach as well as an empty 
intestine. Lara was found at the base of a tree on private property. She was 
emaciated and tooth wear (Martin 1981) suggested that her death was due to 
old age. Lazarus was found dead at the base of the same tree where he was 
located the week earlier. The cause of death could not be established due to 
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hot climate; the body was in advanced state of decomposition. 
2.4.2 Progeny 
Six of the sixteen females (38%), aged between two and seven years, were 
seen with progeny after the first mating season (Table 2.4). 
Table 2.4. Female koalas seen with progeny after 1st breeding season post-release 
(1998). The approximate age (Y) of each female is also indicated. 
 Females with 
progeny 
 Creswick 2 (2Y, 5Y) 
Enfield 3 (3Y, 7Y, 4Y) 
Lal Lal 1 (5Y) 
 
Four of the six back-young were radio-tracked from December 1998. One lost 
its collar, while three were followed until the end of the study (December 1999).  
During the third examination, 19 months post-release (second mating season 
post-release), only one live young was found in the pouch of 1 of the 12 
females, (Elisabeth, 4Y approx.) in Enfield Forest. One dead young was also 
found in Elly’s (4Y approx.) pouch. 
2.4.3 Weight change 
Figure 2.2 shows the weight change (expressed as a percentage) of the 
translocated koalas in the three release forests. The graph represents the 
difference in weight between the first examination (French Island) the second at 
6 months post-release (April 1998) and the third at 19 months-post release 
(May 1999).  
At 6 months the weight increased between 6.6% and 40.0% for 16 out of 25 
koalas (64.0%), two females (8.0%) showed a weight loss of 10.5% and 11.1% 
since release. The weight of the remaining seven koalas (28%) was 
unchanged. A Kruskal-Wallis test found no significant difference (p=0.172, df=2; 
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n=25) between the weight change in the three release forests. 
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Figure 2.2. Percentage weight change of 25 translocated koalas over a 19 month period 
post-release. (* Indicates koalas followed to the end of the study.  All other koalas were weighed 
during the second examination only. Sex of each koala and the release sites are shown). 
The examination at 19 months post-release showed that the weight of only two 
females in Enfield further increased during the following 13 months. Elisabeth’s 
weight increased 6.6%. Elfrieda’s weight increased 9%. The weight of the other 
animals, radiotracked for the whole period (*), did not change. The highest 
percentage weight increase occurred during the first six months post-release. 
There was no significant difference between females and males (p=0.174, 
df=24; n=25) in the percentage weight change. 
In Figure 2.3 the age of the koalas is plotted against the percentage weight 
increase or decrease between first and second examination. The 14 koalas 
followed during the whole study period are indicated (*). 
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Figure 2.3. Percentage weight change versus age of 25 translocated koalas over a 19 month 
period. * Indicates koalas followed to the end of the study. All other koalas were weighed during 
the second examination only. 
The Pearson’s correlation test showed that there was a modest although highly 
significant negative correlation between age and percentage weight change 
(r= -0.636, n=25, p=0.001). This indicates that one of the factors related to 
weight change is the age of the animals. 
2.4.4 Summary of the fate and health status of the koalas 
Table 2.5 lists the sex, age, chlamydial status (results are detailed in Chapter 
3), fate and weight change of 34 koalas, (30 translocated and four progeny born 
from translocated koalas). The Enfield female koala, Elisabeth, is listed in light 
yellow. This female was the only koala that did not show any chlamydial 
antibodies to the end of the study period and the only female which bred 
successfully during the first and second breeding period post-release. The fate 
of the six females translocated with their young is also displayed. The 14 
translocated koalas (Luca included) and three of the four young born at the 
release sites, followed to the end of the study, are shown in light grey. 
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Table 2.5. Status of individual koalas monitored during the study. In light grey are the 14 
translocated koalas and the three juveniles radio-tracked to the end of the study. In yellow is the only 
female that did not show Chlamydia antibodies until the end of the study. N/A= Not available 
NAME and SEX 
AGE 
(years) 
(Oct 
1997) 
CHLAMYDIA 
ANTIBODIES 
CHLAMYDIA
ORGANISM 
CHLAMYDIA 
SPECIES PROGENY 
STATUS 
When last examined 
% WT. 
CHANGE
Cara   F 
Back young 
when moved 
5 2
nd exam. No    
3rd exam.   Yes 
2nd exam. No   
3rd exam. Yes C. pecorum 
1st season  
 Healthy 6.6% 
Carol   F 
Back young 
when moved 
5 2
nd exam. Yes   
3rd exam.   Yes 
2nd exam. No   
3rd exam. Yes C. pecorum None Healthy  0% 
Cecilia   F 2 2
nd exam. No    
3rd exam. Yes 
2nd exam. No   
3rd exam. Yes N/A None Healthy 40.0% 
Celina   F 3 2nd exam. No 2nd exam. No N/A None Neck injury Freed   5-4-98 23.0% 
Cina   F 2 2
nd exam. No    
3rd exam.  Yes 
2nd exam. No   
3rd exam. Yes N/A 1
st  season  Healthy  13.3% 
Claudia   F 
Back young 
when moved 
5 2nd exam. Yes 2nd exam. No N/A None Healthy Lost    14-5-98 -11.1% 
Caesar   M 5 2nd exam. No 2nd exam. No N/A  Healthy Lost    6-8-98 0% 
Carl   M 2-3 2nd exam.  Yes 2nd exam. No N/A  Healthy Lost   4-6-98 12.5% 
Charles   M 5 2
nd exam. Yes   
3rd exam.  Yes 
2nd exam. No   
3rd exam. Yes C. pneumoniae  Healthy  0% 
Chris   M 2 2nd exam.  No 2nd exam. No N/A  Healthy Lost 30-11-98 28.5% 
Elaine   F 8 2
nd exam. Yes   
3rd exam.  Yes 
2nd exam. No   
3rd exam. Yes C. pecorum None Healthy 0% 
Elfrieda   F 2 2
nd exam. No    
3rd exam.  Yes 
2nd exam. No  
3rd exam. Yes C. pecorum None Healthy 18.1% 
Elisa   F 7 2nd exam. No 2nd exam. No N/A 1st season Dead  26-2-98 17.6% 
Elisabeth   F 3 2
nd exam. No    
3rd exam.  No 
2nd exam. No  
3rd exam. No N/A 
1st& 2nd 
season  Healthy 33.3% 
Elly   F 3 2
nd exam. Yes   
3rd exam.  Yes 
2nd exam. No  
3rd exam. Yes C. pecorum 
2nd season 
dead pouch 
young 
Healthy 16.6% 
Esmeralda   F 4 2
nd exam. No    
3rd exam.  Yes 
2nd exam. No   
3rd exam. Yes C. pecorum 1
st season  Healthy 0% 
Easy   M 4 2nd exam. No 2nd exam. No N/A  Healthy   Lost  20-9-98 26.6% 
Edward   M 2 2nd exam. No 2nd exam. No N/A  Healthy  Lost   22-5-99 13.3% 
Emil   M 2-3 2nd exam. No 2nd exam. No N/A  Healthy  Lost   13-8-98 30.7% 
Ernst   M 4 2nd exam. No 2nd exam. No N/A  Dead  21-4-98 23.0% 
Lara   F 
Pouch young 
when moved 
9 2nd exam.  Yes 2nd exam. No N/A None Dead   14-7-98 -10.5% 
Layla   F 
Back young 
when moved 
8 2
nd exam. Yes   
3rd exam.  Yes 2
nd exam. No N/A None Healthy  0% 
Lesley   F 1-2 N/A 2nd exam. No N/A None Dead   11-3-98 N/A 
Lisa   F 
Back young 
when moved 
5 2
nd exam. Yes   
3rd exam.  Yes 2
nd exam. No C. pecorum  + C. pneumoniae 1
st season  Healthy 0% 
Lucy   F 2 2
nd exam. No    
3rd exam. Yes 2
nd exam. No N/A None Healthy 8.3% 
Ludovica   F 4-5 N/A 2nd exam. No N/A  Dead 18-11-97 N/A 
Luna   F 1-2 N/A 2nd exam. No N/A  Dead 12-11-97 N/A 
Lynne   F 2 N/A 2nd exam. No N/A  Healthy  Lost     24-2-98 N/A 
Luca   M 3 2
nd exam. Yes   
3rd exam.  Yes 2
nd exam. No N/A  Lost    14-7-98  Found 31-12-99 Healthy  18.7% 
Lazarus   M 9 N/A 2nd exam. No N/A  Dead 15-11-97 N/A 
Cinaby   F U/12 months
Dec. 1998 Yes   
May 1999  N/A 
Dec. 1998 
N/A N/A  Healthy N/A 
Elisabethby   F U/12 months Dec. 1998 No 
Dec.1998 N/A 
Dec 1999 N/A N/A  Healthy  Lost    22-5-99 N/A 
Esmeraldaby   F U/12 months
Dec. 1998. No   
May. 1999 Yes 
Dec.1998 N/A 
May 1999 Yes N/A  Healthy N/A 
Lisaby   F U/12 months
Dec. 1998 Yes   
May. 1999 Yes 
Dec 1998 N/A 
Dec1999 Yes C. pecorum  Healthy N/A 
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Although all koalas but one had been infected with the Chlamydia organism 
(high antibody titre), none exhibited any external clinical signs of the disease 
during the period of the research (from October 1997 to May-December 1999).6. 
Moreover the 14 translocated koalas and the three progeny born at the release 
sites appeared to be healthy on the last capture when collars were removed. 
2.4.5 Furthest distance from release site and area of exploration  
2.4.5.1 Creswick Forest 
Furthest distance from release site  
Distances within 126 days (distance 1 - D1) for 10 koalas (six females and four 
males) and within 19 months (distance 2 - D2) for five koalas (four females and 
one male) are shown in Table 2.6 and in Appendix 2. 
The females’ shortest distance 1 was 520 m (adult) and the largest was 1 850 
(sub-adult). Males’ distance 1 ranged between 1 190 (adult) and 5 500 m (sub-
adult). 
Table 2.6. Furthest distances from release site of ten koalas translocated to 
Creswick Forest (Appendix 2).  Distance 1 has been calculated within the 126th day post-
release; Distance 2 has been calculated within the 19th month post-release. M=male; 
F=female; A=Adult; S-A=Sub-adult. 
Codenames Sex Age class Distance 1 (m) 
Distance 2 
(m) 
Claudia F A 1 390 N/A 
Cara F A 1 750 1 880 
Carol F A 520 4 890 
Cina F S-A 1 040 3 500 
Cecilia F S-A 1 850 1 930 
Celina F S-A 1 000 N/A 
Caesar M A 1 190 N/A 
Charles M A 4 470 4 470 
Chris M S-A 2 110 N/A 
Carl M S-A 5 500 N/A 
                                            
6  For more information and results on the effect of Chlamydia on the translocated colony 
please see Chapter 3. 
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Although three of the four males had location fixes from release site farther than 
all the females, overall distances were not significantly different between sexes 
(n=10; U=5; p= 0.171). No significant difference between age groups (n=10; 
U=7; p=0.309) was found. These results indicate that sex or age did not have 
an effect on dispersion from release site within the first 126 days post-release.  
In addition, the data in Table 2.6 show that by the 19th month post-release all 
females moved farther from the release site. Two of these females (one adult 
and one sub-adult) more than doubled the distance from release site within the 
126th day post-release. The only male radio-tracked for the whole period did not 
disperse any further. 
Area of exploration  
The areas of explorations (ha) at 126 days (area 1 - A1) for 10 koalas and at 19 
months (area 2 - A2) for five koalas are shown in Table 2.7 and in Appendix 2.  
The females’ smallest area 1 was 19.0 ha (adult) and the largest was 157.5 ha 
(sub-adult). Males’ area 1 ranged between 55.9 ha and 506.0 ha (both adults). 
The table shows that males had larger area of exploration than most females, 
however areas were not statistically significant difference between sexes (n=10; 
U=5; p=0.257). 
Table 2.7. Areas of exploration of ten koalas released into Creswick Forest (Appendix 
2). Area 1 has been calculated at 126 days post-release; Area 2 has been calculated at 
19th months post-release. M=male; F=female; A=Adult; S-A=Sub-adult. 
Codenames Sex Age class Area 1 (ha) 
Area 2 
(ha) 
Claudia F A 75.0 N/A 
Cara F A 61.0 92.3 
Carol F A 19.0 328.3 
Cina F S-A 30.4 342.0 
Cecilia F S-A 157.5 190.0 
Celina F S-A 40.9 N/A 
Caesar M A 55.9 N/A 
Charles M A 506.2 506.2 
Chris M S-A 113.0 N/A 
Carl M S-A 285.4 N/A 
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The areas were also not significantly different between age groups (n=10; U=7; 
p=0.420). These results indicate that the area explored by the koalas at 126 
days post-release is not influenced by the animal sex or age. 
The data in the table also show that at 19 months post-release the size of the 
areas of exploration of the four females radio-tracked throughout the study were 
larger than the previous recorded area. This indicates that those females did not 
settle within the 126 days but continued to explore the new site. In contrast, 
Area 2 of the only male radio-tracked for the whole period did not change.  
2.4.5.2 Enfield Forest 
Furthest distance from release site  
The distances within 126 days (distance 1) for 10 koalas (six females and four 
males) and within 19 months (distance 2) for six koalas (five females and one 
male) are shown in Table 2.8 and in Appendix 2. 
The females’ closest distance 1 in Enfield Forest was 600 m (sub-adult) and the 
farthest was 6 100 m (adult). Males’ distance 1 ranged between 460 m and 
8 850 m (both adults). 
Table 2.8. Furthest distances from release site of ten koalas translocated to Enfield 
Forest (Appendix 2). Distance 1 has been calculated within the 126th day post-release; 
Distance 2 has been calculated within the 19th month post-release. M=male; F=female; 
A=Adult; S-A=Sub-adult 
Codenames Sex Age class Distance 1 (m) 
Distance 2 
(m) 
Esmeralda F A 4 880 4 880 
Elisa F A 2 670 N/A 
Elaine F A 6 100 7 600 
Elly F S-A 2 150 2 150 
Elfrieda F S-A 2 230 2 350 
Elisabeth F S-A 600 1 120 
Easy M A 8 850 N/A 
Ernst M A 460 N/A 
Edward M S-A 734 3560 
Emil M S-A 4 330 N/A 
Within 126 days, fix locations from release site of the majority of the females 
were farther than those of most males (Table 2.8). Nevertheless, the overall 
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distances were not significantly different between sexes (n=10; U=10; p=0.761). 
However, analysis on data shows that adults’ furthest distance from release site 
was farther than sub-adults’ (n=10; U=2; p=0.031). 
The data in Table 2.8 also show that Distances 2 of 3 out of 5 females were 
farther than Distances 1. Distance 2 of the male was more than four times the 
previous record.  
Area of exploration 
Area 1 for 10 koalas (six females and four males) and area 2 for six koalas (five 
females and one male) are shown in Table 2.9 and in Appendix 2.  
The smallest females’ area 1 was 20.0 ha (sub-adult) and the largest was 812.0 
ha (adult). The males’ areas 1 ranged between 11.2 ha and 1 792.0 ha (both 
adults). Although the data show that the area of exploration of most females 
was larger than that of some males, areas were not significantly different 
between sexes (n=10; U=9; p=0.609). Moreover, areas were not significantly 
different between age groups (n=10; U=6; p=0.222). 
Table 2.9. Area of explorations of ten koalas released into Enfield Forest (Appendix 
2). Area 1 has been calculated at 126 days post-release; Area 2 has been calculated at 19 
months post-release. M=male; F=female; A=Adult; S-A=Sub-adult 
Codenames Sex Age class Area 1 (ha) 
Area 2 
(ha) 
Esmeralda F A 138.8 209.4 
Elisa F A 136.3 N/A 
Elaine F A 812.1 2 678.0 
Elly F S-A 279.6 656.0 
Elfrieda F S-A 114.4 158.3 
Elisabeth F S-A 20.0 95.9 
Easy M A 1 792.0 N/A 
Ernst M A 11.2 N/A 
Edward M S-A 23.2 674.0 
Emil M S-A 698.7 N/A 
The table also shows that Areas 2 of the five females radio-tracked throughout 
the study period were larger than the areas recorded at 126 days. Area 2 of the 
male was nearly 30 times the area at 126 days. The results indicate that these 
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koalas continued to explore the new environment.  
2.4.5.3 Lal Lal Forest 
Furthest distance from release site 
Distance 1 for 7 koalas (six females and one male) and distance 2 for three 
koalas (females) are shown in Table 2.10 and in Appendix 2. As mentioned 
previously three koalas died within the four weeks post-release. Data for these 
animals are not shown in the table. The sub-adult female (Luna) was found 
dead 126 m from release site 22 days post-release. The last location of the 
adult male (Lazarus) that died around 20 days post-release was at 3 270 m 
from the release site. The last location of the adult female (Ludovica) that died 
28 days post-release was at 630 m from release site. 
Table 2.10. Furthest distances from release site of seven koalas translocated to Lal 
Lal Forest (Appendix 2). Distance 1has been calculated within the 126th day post-release; 
Distance 2 has been calculated within the 19th month post-release. M=male; F=female; 
A=Adult; S-A=Sub-adult, N/A=Not available 
Codenames Sex Age class Distance 1 (m) 
Distance 2 
(m) 
Lara  F A 710 N/A 
Layla  F A 1 320 1 350 
Lisa  F A 205 481 
Lesley   F S-A 2 990 N/A 
Lucy  F S-A 550 550 
Lynne  F S-A 3 330 N/A 
Luca  M S-A 1 430 N/A 
Distance 1 of females ranged between 205 m (adult) and 3 330 m (sub-adult). 
Distance 1 of the only surviving male (Luca) in this site was 1 430 m. No 
statistical test could be carried out to analyse differences in distances between 
sexes due to the small sample. Distances were not significantly different 
between age groups (n=7; U=4; p=0.857).  
The furthest distance of only one female (Lisa) varied greatly within the 19th 
month post-release. Koala Luca was lost between June ‘98 and December ’99, 
therefore most of his movements were not tracked. This male was found, 
however, on the 31st of December ’99 in a tree about 25 km away from his 
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release site. 
Area of exploration 
Area 1 for seven koalas (six female and one male) and area 2 for three females 
is presented in Table 2.11 and in Appendix 2. The female’s smallest area 1 was 
3.5 ha (adult); the largest Area 1 was 159 ha (sub-adult). Area 1 of the only 
male was 133.6 ha. No statistical test was carried out to analyse differences 
between sexes. Areas 1 were not significantly different between age groups 
(n=7; U=2; p=0.229).  
Table 2.11. Area of exploration of seven koalas released into Lal Lal Forest (Appendix 
2). Area 1 has been calculated at 126 days post-release; Area 2 has been calculated at the 
19 months post-release. M=male; F=female; A=Adult; S-A=Sub-adult 
Codenames Sex Age class Area 1 (ha) 
Area 2 
(ha) 
Lara  F A 21.4 N/A 
Layla  F A 33.0 86.0 
Lisa  F A 3.5 9.0 
Lucy  F S-A 12.8 23.4 
Lynne  F S-A 146.4 N/A 
Lesley   F S-A 159.7 N/A 
Luca  M S-A 133.6 N/A 
The data available for areas of exploration at 19 months show that the three 
females continued to explore the site. Area 2 of one female (Lisa), however, 
who successfully bred after the first breeding season, was 9.0 ha, relatively 
small when compared to the areas of all the translocated koalas. Her young 
remained close to her until the last record in December ’99. Area 2 of the only 
surviving male in Lal Lal (Luca) could not be established because of the missing 
information on his movements between May ‘98 and December ’99.  
2.4.5.4 Combined forests 
Data were analysed to compare furthest distances from release site and areas 
of exploration within females and within males amongst the forests.  
The tests show that there was no statistical difference in the female’s distances 
(n=18; p=0.143) or females’ areas of exploration (n=18; p=0.229) amongst the 
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three forests.  
Males’ data were only compared between two forests (Creswick and Enfield) 
because data for only one male were available in Lal Lal. The test shows no 
statistical difference in the male’s distances (n=8; U=37; p=0.353) between the 
two forests.  
2.5 DISCUSSION  
2.5.1 Fate of the released koalas 
During this research 24% of the released koalas died of a variety of causes. 
Ten percent of all released animals died in Lal Lal within the first four weeks 
post-release. 
The health status of the 14 koalas, radio-tracked during the whole study period, 
appeared to be good. The translocation process, the change of habitat and the 
presence of radio-collars did not seem to negatively affect their health. This 
assumption is based on the observations of the animals’ weight changes that 
increased in younger koalas and remained stable in older ones. Koalas did not 
show signs of stress when blood sampled or swabbed without the use of 
anaesthetic or sedation. Keeping the animals in the bags and ensuring a fast 
examination seemed to be adequate for a fast and stressless recovery. 
Although Blanshard (1994) suggests to sedate koalas during blood sampling 
and/or uro-genital swabbing, the author also acknowledges that sedation might 
caused pre- and post-procedure stress. In addition, sedation would have 
prolonged the examination procedure.  
During the study seven of the twenty (35%) translocated males either lost their 
collars or had their transmitter fail. Male koalas become very active during the 
mating season (Mitchell 1990). Some fights have been observed in other 
studies (Smith 1980) between koalas kept in restrained spaces and a few in 
free ranging koalas (Mitchell 1990; Martin & Handasyde 1999). These fights can 
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occur in trees or on the ground. During the present study, transmitter failure or 
loss of collars occurred with koalas between three and five years of age. In 
addition, most of the incidents coincided within the mating season (between 
October and May). Collars with tooth marks were found on the ground (Plate 
2.8). No dead koalas or their remains were recovered around the area. It can be 
suggested that either collars were lost during fights with resident males and that 
predators (i.e. dogs or foxes) chewed the collars once on the ground, or that 
collars were lost during a predator attack. 
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Plate 2.8. One of the chewed collars found on the ground
 Tooth marks on one
of the radio-collars
found on the ground   
. 
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None of these hypotheses, however, can be confirmed. None of the koalas 
released into Creswick Forest were found dead during the research period. 
Nevertheless, most collar losses and collar failures were recorded in this 
forest. During the study period more resident koalas were seen in Lal Lal 
Forest and Creswick Forest than in Enfield Forest, although no formal survey 
of resident koalas was carried out in the three release sites. Creswick Forest 
is also a smaller area by comparison with Enfield Forest. The pressure caused 
by the resident koalas and consequent fights could possibly have contributed 
to the higher collar losses that occurred in this area. 
One of the two koalas that died in Enfield Forest was a young adult male 
(Ernst, four years of age). He was killed whilst crossing a busy road on the 
edge of the forest. The other koala that died in Enfield was an adult female 
(Elisa) found at the base of a tree. This female was located alive but died ten 
minutes after she was found. Examination revealed a round-shaped wound on 
her hind limb the shape of which suggested a gunshot wound, however, no 
bullet or exit hole were found on her body. The ELISA test showed absence of 
chlamydial antibodies. This female had progeny after the first breeding season 
post-release.  
Lal Lal is the smallest forest of the three sites chosen for the translocation 
trial. The Lal Lal Forest resident koala colony lives in a more ecologically 
disturbed area. Some of the forested area is used for firewood production 
(Barry Files pers. com. 2001)7 and private properties surrounding the forest 
are extensively cleared for pasture. This has led to the resident Lal Lal koalas 
inhabiting a relatively small area of suitable habitat. Three koalas in Lal Lal 
Forest died within the first four weeks post-release. No behavioural or physical 
anomalies were noticed the week before they were found dead. Post mortem 
examination of one female (Ludovica, four years old) revealed a dislocated 
shoulder, which could have been caused by a fall from a tree. There was very 
little food residue in the intestine. A lack of signs of decomposition, in spite of 
                                            
7 Barry Files, DSE, Victoria 
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the hot weather condition, indicated that the animal died within the previous 
12 hours. Luna (two years old) was also found in a paddock and her death 
has been attributed to starvation, although it is not clear what caused the 
animal to starve. Although no food was found in her intestines she did not 
appear emaciated. The death of one more female in Lal Lal (Lesley two years 
old) was caused by strangulation. She was found hanging by the collar on a 
tree branch. This accident occurred because, being a young koala, some 
room was left, between the collar and her neck, to allow growth. After this 
accident most collars and particularly those of young animals where fitted with 
elastic tape. No more fatal accidents occurred after this procedure. It is 
possible, however, that due to the ease of being removed, the collars when 
caught, were lost more easily during fights. It can be speculated that the death 
of the old male (Lazarus) in Lal Lal may have been stress related. This male 
was found around 20 days post-release at the base of the same tree he was 
sitting in one week before his death. This tree was surrounded by cleared 
land. When located the dead male was in an advanced state of 
decomposition; a post-mortem could not be conducted. Hence, no further 
information could be obtained. The pressure exerted by resident koalas in a 
relatively small area could have caused his stress. Dominant resident males, 
which have a well-established home range, tend to push away immigrant adult 
males (Gordon et al. 1990). The latter will be pushed away from an optimal to 
a sub-optimal habitat (Gordon et al. 1990). This could explain the 
hypothesised stress related death of Lazarus. The other male (approx. four 
years old) released in Lal Lal (Luca) was found, 19 months after he was lost, 
at a distance of more than 22 km from the release site. It is likely that due to 
his age resident males pushed this young animal to a less populated area. He 
was found in a young tree on a recently re-vegetated site on private land 
(Plate 2.9). 
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Plate 2.9. Recently re-vegetated area where Luca was found. This area was 22 km 
distant from the release site. 
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In the previous study carried out on koalas translocated from French Island 
between November 1983 and July 1985 (Lee et al. 1990) 42 animals were 
released into three different forest types. The authors released:  
• 12 koalas (five males and seven females) into Lysterfield National Park, 
a mixed eucalypt forest type. 
• 17 animals (six males and eleven females) were released onto Phillip 
Island, into similar habitat to French Island. 
• 13 koalas (six males and seven females) were released into a high 
altitude E. viminalis and E. obliqua forest in the Mt. Alexander Reserve. 
During Lee et al.’s (1990) study deaths were approximately 9% in the three 
forests and 30% of the released koalas were lost. In the mixed forest 
(Lysterfield National Park), which can be compared to the sites chosen for this 
trial, 12% of Lee et al.’s (1990) released animals died. Contact was lost with 
64% of the released koalas of which 33% were males. The range in results 
between this trial and the previous study illustrates the limited knowledge 
available on the outcome of koala translocation to date. 
2.5.2 Progeny 
There was a marked decrease in mating success between the first and the 
second breeding season. Eleven out of twelve females showed high 
chlamydial antibody titre (ELISA test at the third examination)8. These koalas 
failed to successfully reproduce during the second breeding season. This 
suggests that the Chlamydia may have affected their reproductive organs 
although they did not show physical signs of chlamydial disease. A previous 
study (Lee et al. 1990) shows a similar pattern: a drop in mating success 
between the first and the second breeding season after translocation 
associated with an increase in Chlamydia infection. 
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2.5.3 Weight 
Weight change following translocation varied between koalas of different 
ages. Animals aged between two and four years had overall larger weight 
increases than those aged from five to nine years. Statistical analysis shows 
that the change in weight was not significantly different between the three 
forests or between sexes. The main growth period observed was during the 
first six months post-release.  
Two females of the 14 koalas radio-tracked to the end of the study, showed 
an increase in weight after the second examination. One of this was Elisabeth 
(approximately three years old when released) the only koala that was 
seronegative to the end of the study. The other was Elfrieda (approximately 
two years old when released).  
Only two females had a decrease in weight during the first six months post-
release. One of these (from Lal Lal) was nine years of age. The ELISA test 
showed the presence of chlamydial antibodies. This female died in July ’98, 
three months after the second examination was carried out. It is possible that 
the combination of age and infection was the cause of loss of weight and 
subsequent death. The other female (Claudia approximately five years of 
age), from Creswick, whose weight decreased during the first six months post-
release, was lost due to transmitter failure, in May ’98 after the second 
examination. This female also displayed high chlamydial antibody titre after 
the first breeding season. 
2.5.4 Furthest distance from release site 
The furthest distance from release site can be used to quantify dispersal after 
translocation. Furthest distances travelled from release site, within four 
months post-release, varied amongst the individual koalas. However, 
distances were not influenced by sex or, with the exception of Enfield, by age 
group. Although a comparison between sexes could not be analysed with the 
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data available for koalas in Lal Lal Forest, the furthest distance from release 
site, within 126 days, of the only male in this forest is comparable to those of 
the females. It was previously assumed (Lee et al. 1990) that dispersal is 
influenced by the translocated koalas attempt to find familiar tree species. It 
was also shown (Lee et al. 1990) that both at 17 days and at two months post-
release, adult males dispersed farther than females and sub-adult males. 
When the distances were compared within each sex and age group amongst 
forests again no statistical differences were found, indicating that site did not 
influence the dispersion from release site within the established time frame.  
Nineteen months post-release furthest distances from release site are 
available for 8 out of 14 koalas. These distances were either similar or 
identical to the distances within 126 days. Distances of 5 out of 6 remaining 
animals were greater than double the distances at 126 days. This is an 
indication that some of the animals had dispersed further from release site 
during the whole research period. Sex or age group did not influence these 
movements.  
2.5.5 Area of exploration 
This study did not employ home range to determine the area occupied at the 
new sites by translocated koalas. This choice was made because previous 
studies (Proulx et al. 1994; Cogan et al. 2002) have indicated that 
translocated animals explore the unknown site after release before settling 
into a home range. Clark’s (1998) study, on translocated koalas from 
Kangaroo Island, showed that the animals’ home range was larger than that of 
resident animals. White (1994) did not use home range for sub-adults whilst 
studying the social organisation of a colony of resident koalas as the young 
animals were undertaking exploration. For the management aspect of this 
research, the size of the area explored by the released animals is more 
meaningful than the size of a home range. This area is important in 
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establishing the suitability of the size of a forest for future releases of koalas. 
Sex or age groups did not influence the areas of exploration at 126 days post-
release. Statistical analysis did not reveal any significant difference between 
groups. Results, however, show differences amongst individuals where some 
of the animals appeared to have explored an area smaller than others. The 
size of the area occupied by the majority of the translocated koalas, however, 
when compared with resident koala’s home-ranges studies in Victoria and 
Queensland (Mitchell 1990; White 1994), suggests that the animals had not 
settled into their home range (they were not as yet undertaking their ‘normal 
activity’). This is also suggested by the size of the areas at 19 months post-
release. Area 2 of most koalas, with the exception of one male in Creswick 
whose area remained the same, was at least double the initial size. This 
implies that the animals had been exploring their new habitat throughout the 
duration of the study. The adult male (Lazarus) released in Lal Lal Forest (the 
smallest of the three sites), dispersed more than 3 km from release site within 
three weeks post-release before he was found dead. The sub-adult male 
(Luca) was found, at the end of the research, about 25 km away from the 
release site. White’s (1994) study showed that social interaction and tree 
selection, amongst other factors (e.g. body weight), influenced space 
utilization (i.e. home range). The size of the area of exploration could, 
therefore, also be a function of the combined effect of tree species availability, 
presence of resident koalas and size of release forest. Although it needs to be 
further explored, it is possible that small forested areas and the impact of 
resident koalas influence the behaviour of young and older adult males. 
The findings in this research are in contrast with Lee et al’s (1990) study on 
koalas translocated into a mixed eucalypt forest. Their study showed that 
most translocated koalas settled into a 1-2 ha home range after two months 
post-release and remained in the area throughout the research period. 
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2.6 CONCLUSION  
Many translocations have been carried out in Victoria since the early 20th 
century. This research has provided additional information on the outcome of 
a koala translocation. All animals radio-tracked for the whole period were 
healthy as far as weight and external signs indicated. The fate of the lost 
koalas cannot be assessed but it is encouraging that those animals were not 
found dead. The presence of Chlamydia and its effect on the animals is a 
concern for the welfare of the koalas at release sites. This will be extensively 
dealt within the next chapter. 
It appears from this study that koalas of both sexes and of different age 
groups released into a new environment will explore a wide area before 
eventually settling into their home range. The size of the explored areas is 
important information in determining the appropriate size of a release forest. 
Despite the low number of males released into Lal Lal, it is important to 
consider their reaction to the translocation. There are indications that small 
habitats may have a negative impact on translocated male koalas. It also 
appears that the 1 000 ha proposed as a minimum area size for releasing 
koalas is not adequate due to the possible impact of the resident koalas on 
the released ones.  
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 Chapter 3 
Chlamydia and its impact 
3.1 OBJECTIVES OF THE CHAPTER 
This chapter will analyse the disease status and the reproductive success of 
the 30 translocated koalas and their offspring conceived at the release sites. It 
will also establish which of the Chlamydia species, if any, have affected the 
translocated animals. 
3.2 LITERATURE REVIEW 
Disease in koalas was first observed between 1898 and 1902 (O’Donoghue 
1916) when the anatomist J.P. Hill observed a high occurrence of cystic 
ovaries9 and vaginitis in Queensland koalas that were examined during a post 
mortem analysis. 
Other diseases such as keratoconjunctivitis and cystitis (inflammation of the 
urinary bladder) also posed a threat to koala populations. While these clinical 
signs were observed in most koala populations, the organism thought 
responsible, Chlamydia psittaci was only definitively implicated when Cockram 
and Jackson (1974) linked the bacterium to keratoconjunctivitis in koalas. 
Over the past 28 years, chlamydial taxonomy has undergone significant 
changes. Chlamydia psittaci is no longer the organism believed to be 
responsible for the various infections described above. The strains affecting 
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koalas are now classified as C. pneumoniae and C. pecorum (Glassick et al. 
1996). 
3.2.1 Chlamydia species 
Chlamydiae are obligate intracellular Gram-negative bacteria (Schachter & 
Caldwell 1980) of the order Chlamydiales (Cockram 1978) characterised by 
their unique biphasic developmental cycle. They parasitise cells from which 
they obtain energy for reproduction and metabolic processes. The elementary 
body (EB) is the infectious form, and is a coccoid particle with a diameter of 
approximately 350 nm that can survive outside the cell in extreme 
environmental conditions. The host cell phagocytes the EB, which then 
differentiates into a non-infectious but metabolically active reticulate body 
(RB). The RB replicates by binary fission and re-organises to form more EBs 
that are released as infective particles (Schachter & Caldwell 1980). 
Four species have been identified in the genus Chlamydia: C. trachomatis, 
C. psittaci, C. pneumoniae (Grayston et al. 1989) and the more recently 
described C. pecorum  (Fukushi & Hirai 1992). Chlamydia trachomatis affects 
humans, causing blindness if not treated as well as uro-genital disease with 
multiple infections. Chlamydia trachomatis can also cause acute salpingitis in 
women, which can lead to infertility  (Schachter & Caldwell 1980; Brown & 
Carrick 1985). 
Chlamydia psittaci was detected in 1930 in psittacine birds and humans 
(Macfarlane & Macrae 1983). It is also a pathogen in a variety of mammals 
including cattle, cats, goats, sheep and guinea pigs (Storz 1988), causing a 
wide range of diseases. 
It was initially believed (Grayston et al. 1986) that a new chlamydial strain 
(TWAR), which caused respiratory infection in humans, belonged to 
C. psittaci.  However, further study (Grayston et al. 1989) showed that the 
new Chlamydia taxon was significantly different from both C. psittaci and 
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C. trachomatis. This species was subsequently called C. pneumoniae. One of 
the differences between some isolates of this taxon and others was the shape 
of the elementary body. In C. psittaci and C. trachomatis, the EB is spherical, 
while, in the latter proposed species, it is sometimes pear-shaped. In addition 
to the morphological differences, the species also have significant genetic 
differences, being only 10% similar by DNA-DNA homology studies (Grayston 
et al. 1989). 
Fukushi and Hirai (1992) also showed that the C. psittaci strains that cause 
pneumonia, polyarthritis, encephalomyelitis and diarrhoea in cattle and sheep 
had less than 15% homology with other members of C. psittaci, 
C. trachomatis and C. pneumoniae. They determined that, on the basis of 
these findings, these new strains should be classified as a separate species: 
C. pecorum.  
With the gradual improvement of DNA sequence analysis, it is possible that 
more species will be defined (Martin & Cross 1997). Everett et al. (1999) 
proposed further divisions of Chlamydia, based on rRNA analysis, into nine 
species, with the creation of new families. For the purpose of this thesis 
however, the one genus, with four species classification of Chlamydia will be 
used. 
3.2.1.1 Mode of transmission 
Chlamydiae can be transmitted in a number of ways. Chlamydia trachomatis, 
the species that infects the human uro-genital tract, is transmitted venereally 
(Hilton et al. 1974). Vertical transmission is also possible in humans. The 
neonate passing through the birth canal of an infected mother can contract 
ICN (inclusive conjunctivitis of the newborn) a few days after birth (Schachter 
& Grossman 1981). 
Storz (1971) demonstrated that C. psittaci strains from birds could be 
transmitted by the inhalation of infectious particles, while the strain 
responsible for conjunctivitis could be transmitted by contact. In cows, the 
63
 
CHLAMYDIA AND ITS IMPACT 
infection can pass through the placenta to the embryo, leading to subsequent 
abortion (Storz 1971). 
3.2.2 Chlamydia in koalas  
MacKenzie (1919), in his description of the genito-urinary system of Victorian 
female koalas, described periovarian and tubular cysts in the reproductive 
tract. The cysts were described as being filled with gelatinous material. These 
findings confirmed Hill’s observations (in O’Donogue 1916) of cysts in 
Queensland koalas investigated at the beginning of the 20th century.  
Subsequently, Pratt (1937) found that koalas in Queensland were affected by 
reproductive tract disease, pulmonary disease, conjunctivitis and ophthalmia. 
Cockram and Jackson (1974), working at Armidale (New South Wales), found 
that the causative agent for keratoconjunctivitis in 29 koalas was C. psittaci.  
Obendorf (1981) noticed that cysts containing fluid were accumulating in the 
ovarian bursae, fallopian tubes and uterine horns of female koalas in Victoria. 
The cysts were probably a consequence of chronic inflammation of the 
reproductive tract tissues. This pathology explained the observed decrease in 
fertility of two populations at Phillip Island and Walkerville, Victoria (Martin 
1981). The pathological changes were thought to be linked to ingestion of 
phyto-estrogens in eucalypts leaves that could have caused koalas to be 
susceptible to infections and diseases (Martin 1981).  
For successful fertilisation, egg implantation and subsequent development of 
the foetus, it is important that the salpinx (fallopian tubes), ovaries and uterus 
are healthy and functioning properly (Obendorf & Handasyde 1990).  
It was demonstrated (McColl et al. 1984) that C. psittaci was the cause of the 
morphological changes in the reproductive tract that subsequently led to 
infertility in the female koalas. Brown & Grice (1984) demonstrated that the 
presence of C. psittaci was not only linked with reproductive tract disease, but 
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also with the so-called  ‘dirty tail’ disease caused by urinary tract infection in 
both male and female koalas. 
Utilising DNA hybridisation techniques, Girjes et al. (1988), proposed that two 
strains of koala C. psittaci be recognised: type I and type II. Although both 
types could be found in koalas (both in ocular and uro-genital sites), type II 
seemed to be more common. In 1994, Girjes and colleagues demonstrated 
that koala Chlamydia type I was very similar genetically (ompA gene 
sequence of a single isolate) to the human C. pneumoniae.  
Subsequently, a study of the ompB gene sequence of seven koala’ isolates 
(Glassick et al 1996), showed that koalas were infected with C. pneumoniae, 
previously named type I, and C. pecorum, previously named type II.10  
The genetic diversity of C. pecorum strains in koalas, along with their genetic 
similarity with other strains of C. pecorum found in cattle, sheep and pigs, has 
led to the suggestion that koalas have been affected by various C. pecorum 
strains obtained from cattle, sheep and pigs on separate occasions (Timms et 
al. 1996). Recent studies have also shown that the strain of C. pneumoniae 
affecting koalas is genetically different to the human and horse strains 
(Wardrop et al. 1998, 1999). 
3.2.2.1 Modes of transmission in koalas 
Brown and Grice (1986) demonstrated that Chlamydia-free koalas, 
experimentally infected with a koala C. psittaci isolate, exhibited clinical signs 
associated with the bacterium. This indicates that infection is possible via 
ocular, nasal and uro-genital routes. There had however, been no 
investigation of the mode of transmission of this bacterium in free-ranging 
koalas (Martin & Handasyde, 1987).  
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Chlamydia psittaci can survive in the environment after being released from 
an infected animal (Blanshard 1994). Viable chlamydial material has been 
found on eucalypt leaves and on the legs of flies. Laboratory experiments 
have shown the possibility of transmission by arthropod vectors, however, 
passive transmission has not yet been demonstrated under field conditions 
(Blanshard 1994).  
Some authors (Fleay 1937; Minchin 1937 and Pournelle 1961 in Brown & 
Woolcock 1990) have demonstrated that koalas are weaned coprophagically. 
The presence of Chlamydia has been found in the rectum of koalas (Brown 
1987 in Brown & Woolcock 1990). It is therefore possible that chlamydial 
infection can be transmitted by ingestion of faeces during the weaning period 
(Brown & Woolcock 1990).  
Conversely, Handasyde (1986) reported that koala Chlamydia is transmitted 
venereally during mating and the chance of infection from a seropositive 
mother to a neonate is low. However, Jackson et al. (1999) found high level of 
C. pecorum infection in both ocular and uro-genital sites in sexually immature 
koalas. Their study suggested that chlamydial (C. pecorum) infection could be 
transmitted from mother to newborn during birth or during pouch life. There is 
no evidence of Chlamydia transmission between koalas and humans 
(Blanshard 1994).  
3.2.3 Pathological changes in koalas 
3.2.3.1 Uro-genital disease 
Uro-genital tract disease conjunctivitis and respiratory disease are the most 
obvious manifestations of infection caused by Chlamydia in koalas. Uro-
genital disease, caused by Chlamydia (probably C. pecorum) is, without 
doubt, common in male and female koalas (Backhouse & Bolliger 1961; 
Obendorf 1983). So-called ‘wet bottom’ (Plate 3.1) is one of the clinical signs 
that characterises this disease.  
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The disease may also cause, as a consequence, dehydration, depression and 
muscle wasting. In some cases, blood and urine tests reveal haematological 
and biochemical changes. For example, Canfield’s (1990) study of New South 
Wales koalas showed that when the ‘wet bottom’ symptom occurred, 
abundant leukocytes, erythrocytes and serum protein were present in the 
urine. Abnormalities were described in 10 female koalas with inflammation of 
the reproductive tract (Obendorf & Handasyde 1990). Lesions were found in 
fallopian tubes and uteri, the tissue of which was thicker and firmer than 
normal. In some cases purulent material was found in infected uteri, and 
fallopian tubes were completely occluded in the central lumen. In the same 
study, 8 out of 10 cases had bilateral changes in both uteri and fallopian 
tubes. Unilateral changes were seen in the remaining two animals.  
Two cases also presented a unilateral cystic dilatation of the ovarian bursae. 
Some microscopic changes were noticed in addition to the gross changes 
described above. The researchers (Obendorf & Handasyde 1990) described 
acute, sub-acute and chronic lesions of the reproductive tract.  
In Canfield’s (1990) study, many of the studied females showed multiple 
unilateral or bilateral cysts around the ovaries. These cysts, filled with fluid, 
may have been associated with the inflammation of the tissues. Many species 
of mammals can be affected by paraovarian cysts with no further 
complications (Jubb et al. 1985).   
Chlamydiosis may result in infertility in affected koalas if the cysts are also 
accompanied with a general inflammation of the genital area (Canfield 1990).  
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3.2.3.2 Ocular infection 
The ocular infection (Plate 3.2 and 3.3) caused by Chlamydia (probably 
C. pneumoniae) can be unilateral or bilateral during acute infection. It is 
usually bilateral during chronic disease. During the acute stage, the eyes 
show serous discharge and are sometimes partially closed. In some cases, a 
dry discharge can completely seal the eyelids (Blanshard 1994). The chronic 
status is known as ‘pink eye’ because of the reddening of the conjunctivae. 
Other features of this phase include the projection of the palpebral 
conjunctivae beyond the lid margins and conjunctival proliferation over the 
nictitating membrane. In this situation the eye can be completely obscured. 
The last stage of the chronic situation is the complete opacity of the cornea 
leading to blindness (Blanshard 1994). 
3.2.4 Detection of Chlamydia 
Various methods have been used to diagnose chlamydial infection in koalas, 
including:  
• Clinical signs. These are not always apparent in koalas with chlamydial 
infections. Koalas infected with C. pecorum are more likely to show 
clinical signs than koalas infected with C. pneumoniae (Jackson et al. 
1999).  
• Serology. Methods include complement fixation titre (CFT) (Grayston & 
Wang 1975; Blanshard 1994) and indirect enzyme-linked 
immunosorbent assay (ELISA) (Emmins & Turner 1992). CFT, 
however, is now considered to be unreliable for Chlamydia detection in 
koalas (White & Timms 1994).  
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• Antigen detection.  Antigen ELISA, cell culture (Grice & Brown 1985; 
Blanshard 1994; White & Timms 1994) and Direct Immunofluorescence 
(DIF) (Brown et al. 1987) are used to detect chlamydial organisms in 
infected cells. 
• DNA probes or PCR.  This test uses a DNA-based assay to detect the 
presence and determine the species of Chlamydia (Jackson et al. 
1999).  
3.3 MATERIALS AND METHODS 
3.3.1 Sampling and testing methods for the detection of Chlamydia 
• Chlamydia antibody detection: A 2 ml blood sample was taken from the 
cephalic vein in the forelimb (Plate 3.4). The samples were transported 
to Monash Medical School (Clayton), where Dr. John Emmins carried 
out the tests. The presence of antibodies to Chlamydia was detected 
using the genus-specific Chlamydia Enzyme Linked Immunosorbent 
Assay, ELISA, (Emmins 1996). This test assumes titre value of 0= 
negative, 1= background reactor, 2= low reactor, >2 positive. In the 
present study >1 is considered ‘positive’ (+ve) because all koalas were 
negative when released at the translocation sites. 
• Chlamydia antigen detection: Two 15 cm disposable aluminium shaft-
buffered swabs were used for each koala to sample the uro-genital 
area (Plate 3.5). Swabs were inserted 2 cm into the everted penis and 
into the females’ uro-genital sinus. In both cases, swabs were rotated 
several times to ensure a good sample of cells. One of the swabs was 
then smeared onto a slide, whilst the second was placed into a tube 
containing Chlamydia transport medium.  
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 Plate 3.4. Blood sampling for ELISA test.    Plate 3.5. Swabbing of uro-genital area (penis) for DIF and PCR.  
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Samples were transported to the Monash Medical School (Microbiology 
Department) and were tested by Dr. Jenny Martin. The Chlamydia 
organism was detected using Direct Immunofluorescence (DIF) or cell 
culture if results with DIF were negative. The methods used for the 
testing are described in Martin (1998). 
Limitations: Slides containing <100 cells were not suitable for DIF test. 
Cell culture testing is labour intensive and results depend on viable 
organisms in the sample.  
• Chlamydia species determination: A disposable aluminium shaft-
buffered swab was used to swab the genital area of nine koalas. The 
chosen animals were DIF or cell culture positive. Three koalas were 
chosen among the ones released into Creswick Forest, two koalas from 
Lal Lal Forest and four from Enfield Forest. Chlamydial species were 
assessed by Polymerase Chain Reaction (PCR). The tests were 
carried out by Dr. Peter Timms and his team at Queensland University 
of Technology using the method described by Jackson et al. (1999). 
3.3.2 Data analysis 
The Novell SPSS (version 10.0) for Windows was used for statistical tests. A 
One-way ANOVA was used to determine if chlamydial antibody titres, 
indicating presence of infection, were higher in females compared to males. A 
Wilcoxon test was performed on the two Chlamydia titre results for the 2nd and 
3rd examinations. This test was used to determine if there was a significant 
difference between scores in the two related samples.  A Kruskal-Wallis test 
was used to determine if differences existed in the chlamydial antibody titre of 
koalas between the three forests.   
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3.4 RESULTS 
3.4.1 First examination (French Island) 
All 30 koalas examined prior to translocation were in good condition as 
indicated by a physical examination and were Chlamydia antibody negative 
(ELISA < 1). 
3.4.2 Second examination (six months post-translocation) 
DIF and/or cell culture analyses carried out on the 25 koalas tested in April 
1998 were negative for the presence of chlamydial organism. The 
percentage difference of chlamydial antibodies (ELISA>1) varied between 
the two sexes as shown in Table 3.1, more females than males being 
infected. 
Table 3.1. Percentage of the translocated female and male koalas that showed 
presence of Chlamydia antibodies six months post-release.   
Females 9/16 (56%) 
Males 3/9 (33%) 
In addition, Figure 3.1 indicates that more females had higher chlamydial 
antibody titre than males. Statistical analysis (t-test for equality of means) 
was not undertaken to determine whether this difference was statistically 
significant as a power test established that the sample was too small to be 
examined.  
The rate of infection varied in the three forests. In Enfield Forest, only 2 out 
of 10 (20%) koalas showed ELISA units greater than 1, contrasting 
noticeably with the percentages of infection at Creswick (60%) and Lal Lal 
(80%). 
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Figure 3.1. Chlamydia antibody response (measured by ELISA) in 25 of the 30 koalas 
translocated from French Island to mainland Victoria, six months post-translocation.       
(* Indicates koalas followed to the end of the study.         Indicates the minimal vector reactor 
below which Chlamydia antibody titre is negative in this research.            indicates the minimal 
vector reactor below which Chlamydia antibody titre is negative as per the ELISA test 
guidelines).    
The Kruskal-Wallis test showed that there was a significant difference in 
chlamydial antibodies between koalas in the three forests (p= 0.036 n=25).  
Figure 3.2 illustrates that chlamydial antibody titre of koalas in Enfield State 
Forest had the lowest value and is significantly different from Lal Lal. The 
box plot based on means value shows that the mean antibody presence for 
Enfield was 0.2. 
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Figure 3.2. Box-plot indicating the mean difference in the antibody titre values 
between the three forests.  
Health checks, based on physical external examination and weight change, 
were also made in April 1998 (six months post-release). It appeared that all 
of the koalas were healthy and in good condition. All but two (Claudia and 
Lara) either maintained or increased their weight (Figure 3.3). Pouch-young 
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were observed in three koalas in Enfield and in one in Creswick Forest. 
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Figure 3.3. Percentage weight change of 25 translocated koalas over a 19 month 
period. (* indicates koalas followed to the end of the study). Sex (M,F) of the koalas and 
release sites are shown. 
The weight of only two females in Enfield showed a further increase during the 
following 13 months of the study. One of these females was Elisabeth (approx. 
4 years old when released) the other was Elfrieda (approx 2 years old when 
released) (Figure 3.3). All koalas appeared to be healthy.  
3.4.3 Third examination (19 months post-translocation) 
Fourteen koalas had their blood sampled and 13 were swabbed in May 
1999. The Chlamydia antibody titre (ELISA) increased for all koalas in the 
three forests, 11/12 (approximately 92%) females showed an increase 
between 2 and 8 ELISA units. Only one female in Enfield (Elisabeth) did not 
show any increase (ELISA units = 0). The two males showed a similar 
increase as the infected females with values between 3 and 8 ELISA units 
(Figure 3.4).  
Elisabeth was the only animal found with a live offspring for the second 
consecutive breeding season post-translocation. A dead young was found in 
the pouch of another chlamydial positive Enfield female. None of the 
remaining females had progeny.  
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Figure 3.4. Comparison of Chlamydia antibody response (ELISA) in 14 koalas after six 
(2nd examination) and 19 months (3rd examination) post-translocation. Males are plotted 
in pale green for the second examination and dark green for the third examination. Females 
are plotted in yellow for the second examination and in brown for the third examination. 
A Wilcoxon test was performed on the two Chlamydia titre results for the 2nd 
and 3rd examination. The test showed a highly significant difference in the 
titre levels across the two examinations (p=0.001 n=14). Nine of 13 (69%) 
koalas were shown as positive by DIF and/or cell culture, indicating the 
presence of chlamydial organisms at the uro-genital site.  
3.4.4 Weight change versus Chlamydia and age 
Figure 3.5 shows Chlamydia antibody titre results for first and second 
examinations plotted against percentage weight increase and age. 
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Figure 3.5. Percentage weight change versus Chlamydia of 25 translocated koalas over 
a 19 month period (* Indicates koalas followed to the end of the study). Y=years of age. 
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The Pearson’s correlation tests showed a modest negative but highly 
significant correlation between Chlamydia antibody titre and percentage 
weight change (r=-0.592, n=25, p=0.001) as well as a modest positive 
correlation between age and Chlamydia antibody titre (r=0.516, n=25, 
p=0.008). This test also showed a modest negative correlation between age 
and percentage weight change (r=-0.636, n=25, p=0.001). The weight 
increase was lower in older animals and in those with higher antibody titre. 
There is also an indication that the titre was higher in older animals. 
3.4.5 Fate of koalas born from translocated animals 
Between August and October 1998, six females were seen with back-young 
(three in Enfield, two in Creswick, one in Lal Lal Forests). In December 
1998, four female back-young (two from Enfield, one from Creswick, one 
from Lal Lal) were fitted with radio-collars and blood samples were taken. 
Juveniles’ antibody titre was comparable to that of their mothers (Table 3.2). 
Table 3.2. Chlamydia antibody titres (measured by ELISA) for back-young and 
their mothers (December 1998). 
Back-young Chlamydia antibody titre Mother 
Esmeraldaby 0 0 Esmeralda 
Elisabethby 0 0 Elisabeth 
Lisaby 7 7 Lisa 
Cinaby 3 4 Cina 
Before the examination in May 1999 one juvenile (from Enfield) lost its collar, 
and therefore no blood test was carried out. The three remaining juveniles 
(from Creswick, Enfield and Lal Lal) showed interesting differences in 
chlamydial test results. Cinaby was positive in December 1998 (ELISA 
units=3) but was negative in May 1999 (ELISA units=0). This was in contrast 
with her mother, Cina, whose chlamydial antibody titre was high at the last 
examination (May 1999) (ELISA units=10). Esmeraldaby’s ELISA titre, which 
was negative (ELISA units=0) in December 1998 test, was high in the May 
1999 test (ELISA units=7). DIF showed presence of a Chlamydia antigen. 
Lisaby, whose ELISA titre was high in December (ELISA units=7), still 
showed the same high titre value in May 1999. Lisaby also was shown to be 
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positive by cell culture.  
3.4.6 Chlamydia test results in the three forests 
Table 3.3 shows results from the second and last ELISA and DIF and/or cell 
culture tests for all koalas, including juveniles. 
Table 3.3. Comparison of  positive ELISA and DIF results among the three forests 
for the translocated koalas and three back-young.   
Forests Chlamydia antibodies (ELISA) 
2nd examination        last  examination 
DIF or cell culture 
2nd examination          last examination 
Creswick 6/10 (60%) 5/6 (83%) 0/10 (0%) 4/6 (67%) 
Enfield 2/10 (20%) 5/6 (83%) 0/10 (0%) 5/6 (83%) 
Lal Lal 4/5 (80%) 5/5 (100%) 0/5 (0%) 2/4 (50%) 
In the second examination (Figure 3.1) there is an apparent variation among 
forests in the incidence of Chlamydia antibodies. In the last examination, 
results are comparable between forests. Due to loss or death of animals 
between second and last examination, the number of koalas tested was 
smaller in the third examination. Nevertheless, the figures show a sharp 
increase in the number of animals with Chlamydia antibody titre between the 
second and last examinations for the three forests. Enfield showed the 
largest increase (63%) from 20 to 83%, in Creswick the increase was from 
60 to 83%, Lal Lal had the lowest increase (20%) from 80 to 100%. 
The presence of the organism in the genital area was also detected in 11 out 
of 16 tested koalas after the last examination.  
3.4.7 Chlamydia species 
Nine koalas (four adult females from Enfield Forest, two adult females from 
Creswick, one adult female and her female back-young from Lal Lal Forest 
and one adult male from Creswick Forest) were tested to identify the 
Chlamydia species. All nine animals chosen were positive to either DIF or 
cell culture. Seven females (including the back-young) were infected with 
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C. pecorum; one more female (mother of the back-young) had a double 
infection (C. pecorum and C. pneumoniae). The male was infected with 
C. pneumoniae alone.  
The overall status of the koalas is summarised in Table 3.4. This table 
shows that with the progression of time the chlamydial infection spread 
through the translocated animals. The breeding success rate shows a 
decrease between the first and the last breeding seasons. The health status 
appeared to be good during the whole research period.  
Table 3.4. Overall infection and health status of the translocated koalas. N= number 
of animals tested.  
                     Chlamydia tests 
Time 
since 
release  
(months) 
Chlamydia 
antibodies 
(ELISA) 
DIF Cell 
culture 
Chlamydia 
species           
(PCR assay) 
Health 
status 
Females Progeny 
0 N=30 
30/30 
Negative 
Not 
carried 
out 
Not 
carried 
out 
Not carried out Apparently 
good 
20 0 
6 N=25 
14/25 
(56.0%) 
Positive 
N=25 
Negative 
Not 
carried 
out 
Not carried out Apparently 
good 
16 6 
19 N=17 
16/17 
(94.1%) 
Positive 
N=16 
6/16 
Positive 
N=16 
5/16  
Positive 
N=9 
7/9C.pec.    
1/9C.pec+C.pn. 
1/9 C. pn. 
Apparently 
good 
12 1 
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3.5 DISCUSSION 
3.5.1 Examinations 
The French Island koala population is, as previously reported (McColl et al. 
1984), Chlamydia-free. Blood tests results in this trial confirm the absence of 
Chlamydia antibodies in all captured koalas tested prior to their translocation 
onto the mainland. 
After the first mating season, 14 out of 25 (56%) koalas in the three forests 
showed a high antibody titre, suggesting that sexual transmission of the 
bacterium occurred between resident and translocated koalas.  
In Enfield Forest only 2 out of 10 (20%) koalas tested showed the presence of 
high ELISA titre. Both animals (Elly and Elaine) were females that did not 
successfully reproduce after the first breeding season. Of the four females 
(Elisabeth, Elfrieda, Esmeralda and Elisa) that did not show any chlamydial 
antibodies, three had progeny. ELISA test carried out on koala Ernst (four 
years of age), killed whilst crossing a busy road in the Enfield area, did not 
show chlamydial antibodies. Due to the absence of chlamydial infection, it can 
be suggested that this young adult male did not mate with any of the resident 
animals.  
The results in Enfield are in contrast with the higher frequencies of infection in 
koalas in the other two forests. The slower infection rate might be explained 
by either slower interaction between released and resident koalas, due to a 
low animal density in the area (because of the extensive fire that in 1995 
burned 107 km2 of forest), or to mating between translocated koalas. The 
koalas resident in the Ballarat area were not tested for Chlamydia before the 
release of translocated koalas. However, previous studies have reported the 
presence of Chlamydia in Victorian mainland sites (Obendorf 1981; Lavin et 
al. 1990; Timms et al. 1996; Martin & Cross 1997; Menkhorst et al. 1998). The 
results in this study indicate that the selected forests’ resident koalas are 
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Chlamydia-positive, since the released koalas showed high chlamydial 
antibody titre six months after translocation. 
Difference in infection rate amongst animals in the three areas can be 
explained by assuming that translocation is an artificial migration. It can be 
implied that the translocated koalas will attempt to occupy areas already 
selected by resident koalas. These migrant animals (especially males) will 
not be able to easily establish their own territory due to the pressure exerted 
by resident koalas. This pressure will influence the ability of the ‘migrant’ 
animals to mate (Gordon et al. 1990). If the release sites are Chlamydia-
positive, it follows that not every koala will be infected at the same time. 
Nevertheless mating with infected resident animals will eventually spread the 
infection in the new released colony as previously shown by Lee et al. 
(1990).  
At the end of the second mating season (third examination, 19 months post 
translocation), all adult koalas except one female (in Enfield) showed the 
presence of Chlamydia antibodies (by ELISA). The only Chlamydia-negative 
female (Elisabeth) was often found in the vicinity of a translocated male. It 
could be assumed that mating occurred between the two koalas and that 
mating did not occur with any local koalas during the study period.  
At the end of the study, the results of ELISA and cell culture in the three 
forests appeared to be very similar. Although infection was found in most 
koalas, no clinical signs were evident during the study. The animals still 
appeared healthy at the end of the study as determined by weight 
measurement and physical condition. As it has been previously 
demonstrated (Blanshard 1994), infertile females may show no external 
signs of the disease. However, the infection affecting the females in this 
study appeared to have negative consequences on reproductive success in 
the second mating season as no Chlamydia-positive females bred 
successfully. The only female (Elisabeth) with a live pouch-young after the 
second mating season, did not show any chlamydial antibodies at the end of 
the study. The presence of a dead young in Elly’s pouch may be related to 
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her high titre of Chlamydia antibodies. As no post-mortem or microbiological 
examinations were carried out, the cause of death of the neonate was not 
established. Abortion or death of neonate phenomenon was also noted in a 
previous translocation study (Lee et al. 1990), and in pigs with a C. pecorum 
infection (Blanshard 1994). In both cases, no external signs of the disease 
were present.  
Lee et al.’s (1990) study showed a reduction in reproductive success due to 
chlamydial infection among females released on Phillip Island. Eight of the 
ten females released onto the island were successfully tracked during the 
study period. Five of these animals successfully bred in the first breeding 
season (1984). The three remaining koalas showed high antibodies to 
Chlamydia. Only two females of the released group successfully bred after 
the second mating season post-release although one seroconverted. 
3.5.1.1 Chlamydia species 
The presence of C. pecorum in 8 out of 9 koalas tested indicates that this 
species is endemic in the area compared to C. pneumoniae. It is not known, 
however, what the percentage occurrence is for the two species in the 
resident koala populations in the Ballarat area.  
3.5.2 Weight 
As already discussed in the previous chapter it appeared that the weight 
change was influenced by the animals’ age. The results in this chapter 
showed that the higher the chlamydial titre the lower the weight increase, this 
could indicate that chlamydial infection may be influencing the animals’ weight 
increase. It has been previously indicated that chlamydial infection might be 
responsible for weight loss in translocated koalas who had become infected 
(Lee et al. 1990).  
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3.5.3 Progeny 
Progeny of affected koalas showed a high chlamydial antibody titre (by 
ELISA) and were subsequently shown to have chlamydial organism (by DIF 
and/or cell culture). The presence of C. pecorum in the back-young of an 
infected mother is an indication that C. pecorum can be transmitted from 
mother to juvenile as previously suggested for koala populations in 
Queensland (Jackson et al. 1999). 
3.5.4 Tests and limitations 
The four tests used to detect Chlamydia (ELISA, DIF, cell culture and PCR) 
provided overall similar results. DIF results at second examination showed 
that, although the antibody titre was high, the antigen was not yet present in 
the samples taken. The last DIF and cell culture tests showed the presence 
of the organism in 11 out of 16 samples. It can be assumed that the absence 
of the chlamydial organism in the genital area of the four koalas with high 
antibody titre at the time the swab was taken, was due to a delay (lag phase) 
occurring between the contact with the causative infectious organism and 
the emergence of the organism in the genital area (Emmins pers. com. 
2001). Samples were always transported with great care; however, there is a 
small chance that samples may have been altered by extreme hot weather 
conditions and human error. 
3.6 CONCLUSIONS 
This study has shown a high incidence of chlamydial infection amongst 
koalas translocated from a Chlamydia-free area to a Chlamydia-positive 
area. It is not clear whether, ultimately, all of the koalas in this study would 
succumb to chlamydial disease, or if some resistance to the bacteria would 
develop. As no long-term studies have been carried out on the Chlamydia 
infection status and its outcomes in resident populations, it is not possible to 
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determine the long-term fate of the translocated koalas. 
For management and animal welfare purposes, further research should 
establish if infected translocated and resident koalas overcome the disease 
after a short period of sterility, or if they become permanently sterile. 
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Chapter 4 
Tree use 
4.1 OBJECTIVES OF THE CHAPTER 
The three forests used as release sites in this research were chosen due to 
the limited presence of E. viminalis and E. ovata and a variety of other 
eucalypt species as well as Acacia and other genera that could be used by 
the translocated koalas.  
This chapter examines: 
a) The impact that the relatively low proportion of E. viminalis and 
E. ovata has on tree use by the released koalas, 
b) Tree use at the three release forests, 
c) Tree species use by individual koalas, 
d) Tree size preference. 
4.2 LITERATURE REVIEW 
4.2.1 Background 
The selection of appropriate sites (forests) into which koalas can be 
translocated has become an issue since it was observed that koalas, moved 
into the ‘wrong’ site (e.g. small forested areas), are likely to overbrowse their 
preferred food tree species. In Victoria preferred species are Eucalyptus 
viminalis and E. ovata (Kershaw 1915, 1934; Braithwaite et al. 1980; Martin 
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1985a,b,c; Menkhorst et al. 1998). The impact of overbrowsing has been 
shown to be greater if the site is lacking a wide range of species koalas can 
browse and if the site is an island-like area surrounded by cleared land (as in 
the case of Mount Eccles, Framlingham Forest, Tower Hill). In past years, 
koalas from French Island were moved, following a population outbreak and 
tree overbrowsing (McNally 1957), to more islands (e.g. Phillip Island, Snake 
Island, Quail Island in Victoria and Kangaroo Island in South Australia). 
Overpopulation on Quail Island caused extensive overbrowsing of E. 
viminalis, consequently the koala colony on the island suffered starvation and 
crashed (Braithwaite et al. 1980). At Flinders Chase National Park, Kangaroo 
Island (South Australia), koalas were introduced in the 1920s, and have since 
been defoliating E. viminalis ssp. cygnetensis (Eberhard 1972; St. John 1998).  
4.2.2 Tree use 
Many studies have focused on tree use and choice by koalas. The main aim 
of these studies was to investigate the tree species preferred by koalas for 
food and for other uses (e.g. shelter). Koalas have been found using eucalypt 
and non-eucalypt species (Lithgow 1982; Hindell et al. 1985; Lee & Martin 
1988; Ough et al. 1988; Hindell & Lee 1990; Phillips 1990; Melzer et al. 1995; 
Ellis et al. 2002). Many studies of koalas in Victoria (Robbins & Russell 1978; 
Hindell et al. 1985; Martin 1985a; Hindell & Lee 1987,1988) have shown that 
the trees koalas occupy during daytime have been or are going to be used for 
fodder. Studies conducted in Queensland (Melzer et al. 1995; Ellis et al. 
2002), however, indicate that in some instances koalas occupy trees for 
shelter and other purposes. 
4.2.3  Nutritional value of koalas’ food 
Before analysing koalas’ diet it is appropriate to define some chemical 
components found in Eucalyptus leaves. 
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4.2.3.1 Chemicals in foliage 
Crude proteins (nitrogen), sugar, lipids (which also include an unknown 
proportion of indigestible waxes) and minerals are considered to be the 
nutrient constituents in eucalypt leaves. They also contain fibre and 
antinutrients, as well as toxic compounds that constitute the defence that 
plants use against herbivores. The plant cell wall (dietary fibre), which is 
made up of cellulose, lignin and hemicellulose, accounts for 60% of the leaf 
dry matter (Cork 1984). To extract energy from dietary fibre herbivorous 
mammals rely on micro-organisms housed in the intestine and/or stomach, 
but lignin interferes with the degradation of dietary fibre carbohydrates 
slowing down the release of energy (Van Soest 1982).  
The toxic compounds in leaves, such as essential oils and phenolics 
(including tannins), are named allelochemicals (Reese 1979). Essential oils 
are found in the oil glands of Eucalyptus leaves and give them their 
characteristic smell (Cork 1995). The oils consist mostly of terpenes (a class 
of hydrocarbons). Terpenes are formed of isoprene units. Two isoprene units 
form monoterpenes, while three or more units form sesquiterpenes. 
Essential oils are found in different concentration in various Eucalyptus 
species; from trace levels up to 11% of leaf dry matter (Cork & Sanson 
1990) (e.g. 0.36% in E. viminalis, 0.68% in E. obliqua and 1.96% in E. dives 
(Baker & Smith 1920)). The fraction composition also varies between and 
within eucalypt species (Southwell 1978; Foley et al. 1987). A study on 
Eucalyptus (MacPherson 1925) reported the toxic effect of essential oils by 
describing how native Australians used to throw Eucalyptus branches in 
water catchments to poison fish, thus facilitating their capture.  
Phenolics, including tannins, affect the availability of protein (by causing 
precipitation in vitro). Consequently, the concentration of total nitrogen in 
leaves is not an indication of the available protein content because of this 
interaction between tannins and proteins (Fox & Macauley 1977; Cork & 
Pahl 1984; Foley & Hume 1987; McArthur 1987). Cork (1984), estimated 
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that phenolics (including tannins) comprised up to 40% of the dry matter in 
eucalypt leaves. 
4.2.4 Koalas’ diet 
4.2.4.1 Tree choice 
It is well known that free-living koalas’ food preference, and therefore their 
presence, is linked to Eucalyptus woodland or forest and to climate (Martin & 
Handasyde 1999). Koalas are mostly found in coastal areas and are not found 
in southern Australia above 600 metres in altitude (Lee & Martin 1988). Koalas 
have always been considered fastidious in their choice of food because of 
their very particular and specific diet (Harrop & Degabriele 1976; Hindell & Lee 
1987; Lee & Martin 1988; Hume & Esson 1993). Studies conducted by various 
authors have shown koalas’ preference for only a few eucalypt species 
(Eberhard 1972; Warneke 1978; Hindell 1979). Other authors, however, have 
found koalas browsing on up to 63 eucalypt species (Pahl et al. 1990; Phillips 
1990). Koalas have also been known, to feed occasionally on other native and 
introduced genera (e.g. Pinus radiata (Monterey Pine), Melaleuca ericifolia 
and Acacia sp. (Lithgow 1982; Martin & Lee 1984; Hindell & Lee 1990; Phillips 
1990)).  
Ough et al. (1988) reported that six koalas translocated from an E. viminalis 
area (on French Island) to an area of similar vegetation (on Chinaman Island), 
dispersed after a few days. Four of them were found feeding in an area of 
mixed vegetation that included E. viminalis and the non-eucalypts, 
Leptospermum laevigatum (Coast Tea-tree) and Melaleuca ericifolia (Swamp 
Paperbark). Scat analysis confirmed that the released koalas were feeding on 
these three species. These studies reinforced the view that koalas are more 
generalists than once suspected (Phillips 1990). Koalas possibly choose their 
food on the basis of their chemistry and consequent palatability more than its 
taxonomy (Moore & Foley 2000).  
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Various studies (Hindell et al. 1985; Hindell & Lee 1987; Melzer 1995 in Moore 
& Foley 2000) have also shown the koalas’ preference for larger trees. This 
could be associated with food abundance and more shelter in larger trees 
(Hindell et al. 1985).  
A seasonal as well as sex related preference for tree choice has also been 
suggested. One of the first demonstrations of this species’ dietary specificity 
and seasonal choice was by Fleay (1937) at the Melbourne Zoo. Koalas at 
Melbourne Zoo were fed with E. viminalis ssp. pryoriana (Rough-bark Manna 
Gum) throughout most of the year, except for a few weeks during winter when 
they refused to eat this species. During this winter period they accepted other 
species such as Eucalyptus goniocalyx (Long-leafed Box) and 
E. camaldulensis (Red Gum). Eucalyptus radiata (Narrow-leafed Peppermint) 
and E. ovata (Swamp Gum) were also eaten for short periods during the year. 
Koalas in this study rejected E. cladocalyx (Sugar Gum) completely. Williams 
(1971) also demonstrated a preference by koalas for E. viminalis for most of 
the year except winter. In contrast George (1977) observed captive koalas 
eating E. viminalis during winter. Koalas on Kangaroo Island also, clearly 
preferred E. viminalis ssp cygnetensis during winter (Eberhard 1972). Koalas 
at Walkerville (Victoria), where E. viminalis is absent, showed a marked 
preference for E. ovata (Swamp Gum), followed by E. radiata (Narrow-leaved 
Peppermint) and E. obliqua (Messmate) (Martin 1985a). In contrast, Hindell & 
Lee (1987) showed that koalas had an overall preference for E. viminalis in 
each season, followed by E. ovata, E. macrorhyncha (Red Stringybark), 
E. radiata (Narrow-leafed Peppermint), E. polyanthemos (Red Box), E. obliqua 
(Messmate) and Acacia dealbata (Silver Wattle). There was also a shift in 
preference towards E. ovata (Swamp Gum) during summer 1981-82 (33.6%) 
and 1982-83 (31.3%), although during the latter, E. viminalis was also highly 
preferred (29.4%). There was no increase in the number of koalas in the 
E. ovata area during summer. Seasonal variability has been attributed to the 
increased availability of new growth in the various eucalypt species at different 
times of the year (Moore & Foley 2000). Seasonal choice may be related to 
the koalas’ need for water and therefore its availability in leaves (Moore & 
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Foley 2000). 
Hindell & Lee (1987) also reported a sex-related difference in food choice. 
Males, in the Brisbane Ranges, preferred E. macrorhyncha (Red Stringybark) 
and, to a lesser extent, E. viminalis and E. ovata. The authors believe that 
food choice is related to behavioural factors. Juvenile males, once 
independent, avoid territories that are dominated by alpha (dominant) males, 
choosing trees that are not preferred feed species for alpha males. Females 
seemed to prefer E. ovata and E. viminalis, but there was no difference 
between food choice by breeding and non-breeding females. Conversely an 
association between lactation and leaf selection has been found by 
Krockenberger (1993 in Moore & Foley 2000) where lactating females chose 
leaves with higher ratio of nitrogen to total phenolics. 
Koalas’ preference for Eucalyptus species varies within different areas 
throughout their range (Moore & Foley 2000). Although it has been shown that 
koalas from French Island kept in captivity at Armidale, accepted and 
developed a new taste for eucalypt species from the Northern Tablelands in 
NSW (Pahl & Hume 1990). Species selection also varies throughout areas in 
Victoria (Hindell et al. 1985). For example species such as E. globulus, 
E. radiata and E. polyanthemos are eaten in some areas but are avoided in 
others. Koalas also choose individual trees within the species (Robbins & 
Russell 1978; Hindell et al. 1985).   
Warneke (1978) lists 24 eucalypt species as feed trees preferred by koalas. 
Some of the those listed which are relevant to this study and/or are dominant 
species are: E. dives (Broad-leaved Peppermint), E. obliqua (Messmate 
Stringybark), E. cephalocarpa (Silver-leaf Stringybark), E. radiata (Narrow-
leaved Peppermint), E. regnans (Mountain Ash), E. cypellocarpa (Mountain 
Grey Gum), E. viminalis (Manna Gum), E. polyanthemos (Red Box), 
E. yarraensis (Yarra Gum), E. goniocalyx (Long-leaved Box), E. globulus (Blue 
Gum), E. microcarpa (Grey Box), E. camaldulensis (River Red-gum), 
E. macrorhyncha (Red Stringybark) and E. rubida (Candlebark).  
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4.2.4.2 Leaf choice 
The exact determinants of koalas’ choice in leaf matter are unknown. 
However, some of the studies that have dealt with leaf chemicals and koalas’ 
leaf choice are discussed below.  
Williams (1971) and George (1977) noticed that koalas in captivity when 
presented different branches of the same tree of E. viminalis were very 
selective in the choice of branches. They stripped some whilst leaving others 
untouched especially in the coldest months of the year. Pratt (1937) showed 
that koalas avoided the young leaves of E. viminalis when they were available 
at the end of winter. He attributes this rejection to the presence of the toxic 
prussic (hydrocyanic) acid. Despite this, other studies have shown that koalas 
choose mostly young leaves when offered branches (Fleay 1937; George 
1977; Smith 1979). Although, in their natural habitat the choice of young 
foliage is not so obvious, it appears that branches with mostly young foliage 
are stripped while branches with mixed foliage are rarely overbrowsed (Hindell 
et al. 1985). The reason for such a choice could be the high concentration of 
nitrogen and moisture in young leaves as reported in studies of koalas and 
other marsupials (Journet & Cochrane 1978; Hindell 1979; Mattson 1980; 
Oates et al. 1980; Sauer et al. 1982 Cork & Pahl 1984; Landsberg 1987; 
Kavanagh & Lambert 1990). In addition Cork (1984) has found that young 
leaves often have a higher nitrogen concentration. Selection of young foliage 
could also be related to the concentration of cell walls in the leaf material. In 
the few species analysed, cell wall concentration is lower in juvenile than in 
older foliage (Cork & Pahl 1984; Foley 1987; Foley & Hume 1987). It has also 
been suggested that in young leaves the content of phenolics and fibre is 
lower than in adult foliage (Oates et al. 1977; Milton 1979; Baranga 1983; 
Lowman & Box 1983). Nevertheless, other authors have found a higher 
concentration of total phenolics in younger leaves than in older ones (Cork & 
Pahl 1984; Hume & Esson 1993). 
Hume and Esson (1993) found there were three factors influencing food 
choice: 1) the positive ratio of nitrogen to fibre, 2) the positive ratio of 
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nitrogen to condensed tannins and 3) the lowest content of condensed tannins 
in eucalypt leaves. In the same study, koalas would not eat leaves whose 
water concentration was less than 55% and whose essential oils were less 
than 2% on a dry matter basis. The authors concluded that koalas select 
foliage with a positive total oil yield and use this threshold level as a feeding 
cue. This system gives koalas a selective advantage because their metabolic 
capacity is not shared by other folivores. In an earlier study by Pahl and Hume 
(1990) however the threshold level for water varied slightly (60%). Seasonal 
leaf moisture variability has also been shown to influence koalas’ tree 
selection (Ellis et al. 1995), with trees with higher leaf moisture being more 
frequently selected in summer. The species preferred during this season was 
E. teretricornis whilst in winter it was E. crebra.  
Nitrogen metabolism has been investigated in captive koalas fed with 
E. punctata (Grey Gum) (Cork 1986). Koalas were found to have special 
adaptations to cope with the low nitrogen content of their diet. An animal’s 
physiology plays a very important role in influencing nitrogen intake. Koalas 
appear to have low standard metabolic rate compared to other marsupials 
(70% of the average) (Degabriele & Dawson 1979). Cork’s (1986) study 
demonstrated that koalas fed with E. punctata had a low loss of nitrogen 
through urine excretion but high losses of non-dietary faecal nitrogen because 
of high concentrations of lignin and tannin. Lignin is responsible for the low 
digestibility of cell walls (Cork & Hume 1983). A study conducted at San Diego 
Zoo, California, showed that foliage chosen by koalas had high concentrations 
of phosphorus and potassium and low concentrations of iron, calcium and 
selenium (Ullrey et al. 1981). These studies were conducted on captive 
koalas, and it is not clear if the same conclusions are applicable to free-living 
koalas. 
A study conducted in the Ballarat region on the foliage available to free-living 
koalas found no significant difference in the concentration of nitrogen, 
phosphorus and potassium between eucalypt species chosen and rejected 
(Knight 1993). It has also been suggested that koalas select foliage in relation 
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to the composition of its volatile essential oils. Koalas do smell leaves before 
eating or rejecting them (Pahl & Hume 1990), this seems the only way to 
select potentially edible foliage (Knight 1993). It appears that koalas might 
choose leaves with higher content of volatile monoterpenes and/or lower 
content of sesquiterpenes (Betts 1978; Hume & Esson 1993). From these 
studies it could be concluded that koala leaf preferences are dominated by a 
suite of variables (Hume & Esson 1993).  
Nevertheless recent studies are concentrating on finding a common factor to 
koalas’ food choice. This factor seems to be identifiable with a specific group 
of phenolics (formyl phloroglucinol compounds or FPCs) (Moore & Foley 
2000). These compounds together with 1.8 cineole have been proven to have 
an important role in the choice of leaves of E. ovata and E. viminalis by koalas 
and Pseudocheirus peregrinus (Ringtail Possum) (Lawler et al. 1998) and in 
the diet selection of Trichosurus vulpecula (Brushtail Possum) (Lawler et al. 
1999). They showed that the choice of leaves by koalas are negatively 
correlated to the concentration of terpenes and FPCs. Although FPCs have 
been found in many eucalypts (Lawler 1998 in Moore & Foley 2000), they 
have not yet been identified in other Eucalyptus species (e.g. E. obliqua, E 
pauciflora, E. dives, E. macrorhynca and E. radiata), which suggests that 
other factors may also be involved in the choice of food by koalas (Moore & 
Foley 2000). 
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4.3 MATERIALS AND METHODS 
4.3.1 Site descriptions 
4.3.1.1 Site of origin 
French Island is situated about 70 km south-east of Melbourne (in Western 
Port Bay). Its area is approximately 17 410 ha (Martin 1981), much of which 
has been cleared for farming. Eucalypts occur in remnant patches and as 
isolated individuals on farms and along roadsides. Four species of eucalypts 
are present on the island: E. viminalis, E. ovata, E. obliqua and E. radiata. 
Koalas on the island show a strong preference for the first two species and 
often defoliate E. viminalis in particular (Martin 1985 a).  
4.3.1.2 Release Sites 
Three sites were chosen to release the translocated koalas (Plate 4.1): 
Creswick State Forest (north-east of Ballarat), Enfield State Forest (south-
west of Ballarat) and Lal Lal State Forest (south-east of Ballarat). 
Sites were chosen because of the scattered presence of E. viminalis and the 
presence of a variety of eucalypt species. The vegetation types vary slightly 
between the release sites. Table 4.1 lists the tree species in the three release 
sites as given by the LCC (1980). 
Table 4.1. Tree species as listed by the Land Conservation Council (LCC 1980) Victoria. 
Creswick Enfield and Lal Lal Forest were chosen for the release of the translocated koalas. 
Sites Common Overstorey Common Understorey 
Creswick Eucalyptus obliqua, E. radiata, E. rubida, E. dives, E. aromaphloia, E. ovata, Pinus radiata (plantation) 
Acacia melanoxylon, 
A. dealbata, Cassinia aculeata 
Enfield E. aromaphloia, E. dives, E. ovata. E. macrorhyncha, E. rubida, E. radiata, P. radiata (plantation) 
A. melanoxylon,  A. mearnsii. 
Lal Lal E. obliqua, E. radiata, E. rubida, E. dives, E. aromaphloia, E. ovata. 
A. melanoxylon, A. dealbata, 
C. aculeata. 
TREE USE 
Plate 4.1. Release sites locality map. The arrows indicate the approx
within each forest. 
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More detailed descriptions of the vegetation can be found in the Ecological 
Vegetation Classes (EVC) published in 1999 by the Commonwealth and 
Victorian Regional Forest Agreement Steering Committee - CVRFASC. EVCs 
have been used in this thesis to describe the vegetation types present at the 
release forests (Appendix 1). The EVCs have also been included on each site 
map (Creswick, Enfield and Lal Lal maps) in Appendix 2. 
The three forests chosen are classified as Open Forest (LCC 1980). The 
vegetation at these sites has been classified under several EVCs described 
as follows (detailed description of EVCs are found in Appendix 1). 
Creswick Forest is characterised by Plains Grassy Woodland, Grassy Dry 
Forest, Valley Grassy Forest, Heathy Dry Forest, Herb-rich Foothill Forest and 
Creekline Herb-rich Woodland. Softwood plantations are also present in 
Creswick Forest. 
Enfield Forest is characterised by Plains Grassy Woodland, Grassy Dry 
Forest, Valley Grassy Forest, Heathy Dry Forest, Heathy Dry Forest 
Depauperate and Mosaic, Creekline Herb-rich Woodland and Sedgy Riparian 
Woodland. Softwood plantations are also present in Enfield Forest. 
Lal Lal Forest is characterised by Plains Grassy Woodland; Grassy Dry Forest 
Valley Grassy Forest, Heathy Dry Forest; Herb-rich Foothill Forest as well as 
Heathy Dry Forest Depauperate and Mosaic. 
EVCs found at the release sites also occur in large areas throughout Western 
Victoria. Tree species listed in the descriptions might not be found in some 
sites within the release forests. Furthermore, species non-characteristic of this 
region, native and non-native introduced tree species, were recorded during 
this study.  
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4.3.1.3 Fires 
In 1995, approximately 9 500 ha of State Forest Park and private land burnt in 
Enfield. The extent of the fire in the State Forest and Park was approximately 
7 900 ha (approximately 88% of the public land). In 1997, about 1 500 ha of 
State Forest Park and private land was burnt in Creswick. The extent of the 
fire on public land was approximately 1 300 ha (Appendix 2). The burnt trees 
in both forests showed extensive epicormic growth (Plate 4.2).  
4.3.2 Tree recording 
The trees, in which koalas were found, were given a sequential number and a 
numbered metal tag was left on the tree trunk for future reference. The 
species, diameter at breast height over bark (DBHOB) and height of the trees 
occupied by koalas were also recorded. The co-ordinates for the position of 
the trees were obtained with the use of a Geographical Positioning System 
(GPS) unit. The use of burnt areas and private properties was also noted.  
4.3.3 Tree survey 
The Point-Quarter Sampling method was used to survey the three release 
forests. Ten points were selected along transects through each EVC into 
which the translocated koalas dispersed. These areas were surveyed to make 
comparison of koala tree selection with opportunity. Each point represented 
the centre of four compass directions (N, S, E, W). The points were so divided 
into four quadrants. The distance from the centre point (tree) to the centre of 
the nearest tree was measured for each quadrant. For each point sampled a 
total of four trees were recorded. DBHOB as well as tree species were noted 
(Brower et al. 1998). In this research, E. obliqua and E. baxteri, were grouped 
together due to the difficulty of distinguishing the two species in the absence 
of accessible buds and fruits. 
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4.3.4 Data analysis 
The information obtained during each radio-tracking event was recorded on 
Excel spreadsheet. The species, the Diameter at Breast Height Over Bark 
(DBHOB) and height of the trees used by the individual koalas, were 
recorded. The use of trees in burnt areas and private properties, were also 
noted. Graphs were produced in Microsoft Excel and the G-test was 
performed using the method described in Fowler et al. (1998). 
4.4 RESULTS 
4.4.1 Lal Lal Forest 
It should be noted that the released koalas were not restricted to use a 
particular area in the forest. Therefore the data related to the used tree 
species are compared to the tree species present in the whole area and not in 
the single EVC. 
4.4.1.1 Survey of the tree species in Lal Lal Forest 
The trees found in the surveyed areas showed few similarities with the trees 
listed in the EVCs used in the maps (Appendix 1 & 2). Some of the trees listed 
in the descriptions were not found in the surveyed areas. In addition, some 
species surveyed were not found in the EVC descriptions.  
Koalas were found in trees in the following EVCs: Plains Grassy Woodland - 
EVC 55, Heathy Dry Forest (Depauperate and Mosaic) - EVC 837, Grassy Dry 
Forest - EVC 22 and Valley Grassy Forest - EVC 47. 
Table 4.2 lists the relative percentage of tree species occurring in the various 
EVCs and in the entire forest.  
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Table 4.2. Percentage of tree species surveyed in the areas koalas were found in 
Lal Lal Forest. The species (in percentage) occurring in each EVC are indicated. 
Highlighted in grey are the dominant species. 
Tree species (%) EVC 55 EVC 837 EVC 47 EVC 22 Total 
Eucalyptus dives  16.0 22.0 19.0  9.3 17.4 
E. viminalis  37.5    10.7 
E. ovata  12.5  19.0 25.0 13.5 
E. radiata  3.1  6.2     0.8 
E. aromaphloia  18.7 12.0 25.0 13.3 
E. obliqua / E. baxteri  50.0 50.0 28.1 29.5 
Casuarina sp. 12.2      3.5 
Banksia marginata  3.1      0.8 
Exocarpus cupressiformis  3.1      0.8 
Acacia melanoxylon  12.5   12.5   7.2 
A. mearnsii   3.1     0.8 
 
E. viminalis is the tree species most frequently occurring in EVC 55. However, 
it represents only 10.7% of the trees in the total area surveyed. E. obliqua and 
E. baxteri combined were the dominant species in EVCs 837 and 47. 
4.4.1.2 Tree species used by koalas in Lal Lal Forest 
During the 26 months of the study 195 tree records were obtained for this 
forest. Koalas were found using 15 different tree species (Figure 4.1). 
Figure 4.1 also shows the percentage of the tree species used by all the 
koalas released in Lal Lal Forest and percentage distribution of trees in areas 
where koalas were found.  
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Figure 4.1. Percentage of tree species used by the translocated koalas and percentage 
tree species distribution in Lal Lal Forest. Trees were surveyed in the areas used by 
koalas.  
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A G-test could not be performed because the value of some frequencies was 
less than 5 (the required minimum value to carry out a G-test). Nevertheless, 
data indicate that some of the species such as E. ovata (20.4% used/13.5% 
surveyed) and E. radiata (10.7%/0.8%) have been preferred, other species 
such as E. dives have been used at a low frequency (2.8%/16.0%). Use of 
E. viminalis (9.6%) appears to be similar to the frequency of this species in the 
area (10.7%). The use of E. cladocalyx was limited to an old (9 years of age) 
female that spent 45% of the time in a private property moving amongst 
planted E. cladocalyx (Table 4.2). 
4.4.1.3 Individual use 
Three of the ten translocated koalas released in Lal Lal were found dead 
within four weeks after release. Data for these koalas are not reported. 
Table 4.3 shows the tree species used by the eight surviving koalas. The 
number of tracking records - N -, for each of the seven remaining translocated 
koalas and one young (Lisaby), are also displayed. The difference in the 
number of records among koalas is due to the length of time the individuals 
were radio-tracked for.  
Table 4.3 Percentage of tree species used by the translocated koalas in Lal Lal Forest. 
These results are for seven of the ten translocated koalas and one young born from a 
translocated female in Lal Lal. The percentages of the most used species are indicated in 
grey. N= number of records. 
Koalas 
Tree Species (%)  LaraN=20
Layla
N=30
Lesley
N=15
Lisa
N=40
Lisaby
N=12
Lucy 
N=29 
Lynne 
N=13 
Luca 
N=21 
Eucalyptus obliqua / E. baxteri 15.0 11.1  25.0 20.0 85.7 30.7 66.6 
E. ovata 35.0 22.2 50.0 30.0 20.0   7.6  
E. radiata  25.9   7.5 10.0  7.1 15.3 11.1 
E. aromaphloia    17.5 50.0  7.1  11.1 
E. viminalis   18.5 21.4  7.5   23.0  3.5 
Acacia melanoxylon   11.1  7.1 10.0     
E. cladocalyx  45.0        
E. dives   5.0  3.7  7.1  2.5     5.5 
Pinus radiata   3.7  7.1      
E. rubida       15.3  
Eucalyptus sp        7.6  
Exocarpus cupressiformis    7.1      
Cupressus macrocarpa   3.7       
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In Lal Lal, all the radio-tracked koalas did not preferentially use one particular 
species. Three out of eight animals in Lal Lal appeared to use mostly 
E obliqua and E. baxteri, two E. ovata, one E. cladocalyx one E. radiata and 
one E. aromaphloia. Nevertheless, in Lynne’s case the data show that the 
percentage use of E. viminalis is higher than the percentage use of the 
combined E. obliqua and E. baxteri if it is assumed that each of the two 
stringybarks contributes to half the value. These data show that the koalas 
used more than one EVC during the research period (Lal Lal site map in 
Appendix 2). Statistical analysis was not carried out because koalas were 
moving among the EVCs and the number of tracking records in each area 
was not enough to have statistical significance. Tree use in Lal Lal Forest 
seems to be linked to both availability of species and individual preference. It 
is evident from both Figure 4.1 and Table 4.3 that E. dives has not been 
extensively used although it was commonly present in the areas. 
4.4.1.4 DBHOB of trees used in Lal Lal Forest 
Figure 4.2 shows the frequencies of the DBHOB of trees surveyed in Lal Lal 
and the frequencies of the DBHOB of trees in which koalas were found.  
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Figure 4.2. Frequencies of the DBHOB of trees in Lal Lal Forest. The graph compares the 
DBHOB of trees used by the koalas and the DBHOB of the trees in the same areas in Lal Lal 
Forest. 
The last category includes trees with a DBHOB between 71 and 165 cm. 
There was a significant difference (G-test: p>0.01, df=7) between the 
frequencies of the diameters in the two groups. This is also evident from the 
graph where it appears that the trees in which koalas were most frequently 
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found in Lal Lal had a DBHOB proportionally greater than the DBHOB of trees 
mostly available in the area. The DBHOB classes most commonly found in the 
Forest were 11-20 cm and 21-30 cm, whereas the koalas were mostly found 
in trees with DBHOB between 31 and 50 cm (mean=45 cm; median=43 cm).  
4.4.2 Enfield Forest 
4.4.2.1 Survey of tree species in Enfield Forest 
Koalas translocated in Enfield Forest were found using trees in four EVCs: 
Heathy Dry Forest (Depauperate and Mosaic) - EVC 837, Grassy Dry Forest - 
EVC 22, Valley Grassy Forest - EVC 47 and Heathy Dry Forest - EVC 20. The 
EVCs 837, 22 and 47 were also found in Lal Lal. 
Table 4.4 lists the relative percentage of the tree species occurring in the 
various EVCs and in the entire forest. Softwood plantations were not 
surveyed. Eucalyptus aromaphloia was the most abundant species throughout 
the surveyed EVCs with a proportion of 36.8%. 
Table 4.4. Percentage of tree species surveyed in the areas in which koalas were 
found in Enfield Forest. The species (in percentage) occurring in each EVC are 
indicated. Highlighted in grey are the dominant species. 
Tree species (%) EVC 837 EVC 20 EVC 47 EVC 22 Total 
Eucalyptus obliqua /E. baxteri 12.5   6.2 35.7 37.5 25.0 
E. radiata  12.5 18.7   7.1   6.2 10.5 
E. viminalis   6.2     1.3 
E. dives    14.2   9.2 
E. aromaphloia 50.0 37.5 28.5 37.5 36.8 
E. melliodora   25.0    5.2 
Acacia melanoxylon    6.2 12.5 14.2 18.7  9.2 
A. dealbata 12.5     2.6 
 
4.4.2.2 Tree species used by koalas in Enfield Forest  
Koalas translocated in this area were found in 20 tree species (Figure 4.3). 
The six species found under the ‘other species’ category were: Exocarpus 
cupressiformis, Quercus robur, Liquidambar styraciflua, Eucalyptus crenulata, 
E. tricarpa and Cupressus macrocarpa. Some of these species were not 
recorded during the survey either because they occurred as a low percentage, 
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hence had less chance of being surveyed, or because they were planted in 
the private properties adjoining the forest. 
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Figure 4.3. Percentage of tree species used by the translocated koalas and percentage 
tree species distribution in Enfield Forest. Trees were surveyed in the areas used by 
koalas. 
A statistical test on the frequencies was not carried out, due to the great 
difference in the proportions of species surveyed and the species used by the 
koalas. Nevertheless, the graph shows that the percentage of stringybarks 
(E. obliqua and E. baxteri) and E. ovata used by the koalas is higher than the 
percentage of the species surveyed in the forest. Although numbers are very 
low data suggest that the percentage use of E. viminalis was also higher than 
the percentage of the species surveyed. This indicates that these species 
have been actively selected whilst E. aromaphloia has been used less. 
4.4.2.3 Individual use 
Table 4.5 displays the trees used by the translocated koalas in Enfield Forest. 
This table shows that 8 out of 12 koalas were observed most of the time in E. 
obliqua and E. baxteri. Esmeralda and Esmeraldaby (female and her young) 
were observed mostly in E. camaldulensis trees planted in a private property. 
One male (Ernst) was found 57% of the time in a P. radiata plantation and 
another male (Easy) was found at an equal percentage of records in 
stringybarks (E. obliqua and E. baxteri) and E. aromaphloia. Even though 
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E. viminalis was actively used by most koalas, it was not the preferred used 
species by any individual. This species formed only a minimal part of the 
individuals’ choice (<11.6%). 
Table 4.5. Percentage of tree species used by the translocated koalas in Enfield Forest. 
Ten koalas and two young born from translocated females are listed. The percentages of the 
most used species are indicated in grey. N= number of records. 
Koalas 
Tree species (%) Esmeralda N=27 
Esmeraldaby
N=17 
Elaine
N=25
Elfrieda
N=25 
Elisa
N=21
Elisabeth
N=28 
Elisabethby 
N=8 
Elly 
N=26 
Emil
N=18
Ernst
N=16
Easy
N=20
Edward
N=24 
Eucalyptus obliqua / 
E. baxteri  11.4  60.7 30.4 38.0 82.1 100.0 40.0 73.0  23.5 63.5 
E. camaldulensis 30.7 64.7           
E. aromaphloia   7.6 11.7   19.0  3.5  16.0   6.6 21.4 23.5   4.5 
Pinus radiata   7.6    8.6       8.0  57.1    4.5 
E. ovata      4.3 21.7  9.5  3.5  12.0 13.3 14.2 11.7 13.6 
E. radiata 11.5    8.6 17.3      8.0   11.7  
E. dives   17.3 21.7      4.0   6.6  7.1   5.8   4.5 
Eucalyptus sp.   3.8     4.7      17.6  
E. viminalis   3.8 11.6    4.7  3.5       5.8   4.5 
Exocarpus 
cupressiformis          8.0      4.5 
Acacia melanoxylon   7.6     4.3  4.7  3.5    8.0     
E. cladocalyx      4.3      4.0     
E. globulus   7.6     4.7        
Quercus robur   5.8    4.7        
Liquidambar 
styraciflua      4.7        
E. crenulata      4.7        
E. tricarpa       3.5       
E. mannifera   7.6            
Cupressus 
macrocarpa    5.8           
 
Due to the movements of the koalas among different areas with different 
relative tree species densities, it was not feasible to statistically analyse 
individual tree use. Nevertheless, there are indications that individual choice 
influences the use of a particular species. It is also possible that individual 
choices are influenced by the relative presence of the species (e.g. 
E. obliqua/E. baxteri). The extensive presence of a particular species could 
prompt koalas to prefer what is mostly available. 
4.4.2.4 DBHOB of trees used in Enfield Forest 
Figure 4.4 displays the frequencies of the DBHOB of trees surveyed in Enfield 
Forest and the DBHOB of the trees in which koalas were found. The last 
category includes trees with a DBHOB between 61 and 200 cm. Koalas 
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showed a marginal preference for trees with DBHOB class of 41-50 cm. 
Despite the wide range of DBHOB, the 61+ category was also actively chosen 
given its low percentage availability at the site. However, trees with DBHOB 
classes of 21-30 cm and 31-40 cm were frequently chosen (mean=42 cm; 
median=38 cm). 
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Figure 4.4. Frequencies of the DBHOB of trees in Enfield Forest. The graph compares the 
DBHOB of trees used by the koalas and the DBHOB of the trees in the same areas in Enfield 
Forest. 
 
A G-test performed on the data, showed that the frequencies of the DBHOB of 
the trees surveyed and the DBHOB of the trees used by koalas were highly 
statistically significantly different (p>0.01 df=5).  
4.4.2.5 Burnt area 
Seven of the ten koalas (four females and three males), released into Enfield 
Forest, were found in the dense re-growth of trees burnt during the 1995 fire. 
Table 4.6 displays the percentage of the burnt trees used by these koalas 
over the total trees recorded.  
Table 4.6. Percentage of burnt trees used by 7 out of 10 translocated koalas in 
Enfield Forest. The sex (in parenthesis) and approx age in years (at capture) are also 
indicated. 
Koalas Age Total trees Burnt trees % burnt trees 
Easy (M) 4 20 4 20.0 
Edward (M) 2 24 7 29.1 
Elaine (F) 8 25 16 64.0 
Elfrieda (F) 2 25 12 48.0 
Elisabeth (F) 3 28 4 14.2 
Elly (F) 3 26 2  7.7 
Emil (M) 3 18 15 83.3 
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Three (two females and one male) of the koalas found in the burnt area spent 
an equal or greater amount of time in this area than in non-burnt areas 
(between 48 and 83.3%). The species used were E. obliqua/E. baxteri (the 
most used species), E. ovata, E. viminalis and E. dives. Most koalas were 
found in burnt trees for a number of consecutive records. These are displayed 
on the individual koala maps in Appendix 2. 
4.4.3 Creswick Forest 
4.4.3.1 Survey of tree species in Creswick Forest 
Koalas translocated into Creswick Forest were found using trees in five EVCs: 
Plains Grassy Woodlands - EVC 55,: Grassy Dry Forest - EVC 22, Valley 
Grassy Forest - EVC 47, Heathy Dry Forest - EVC 20 and: Herb-rich Foothill 
Forest - EVC 23.  
Table 4.7 displays the relative percentage of tree species occurring in the 
various EVCs and in the entire forest. 
Table 4.7. Percentage of tree species surveyed in the areas in which koalas were 
found in Creswick Forest. The species (in percentage) occurring in each EVC are 
indicated. Highlighted in grey are the dominant species. 
Tree species (%) EVC 55 EVC 20 EVC 47 EVC 22 EVC 23 Total 
Eucalyptus obliqua/E. baxteri   65.6 28.5 50.0  9.3 32.0 
E. ovata  62.5    46.8 20.1 
E. radiata   18.7 10.7 18.5 21.8 15.0 
E. viminalis 31.2  10.7  18.7 11.3 
E. dives   15.6 21.4 12.5  10.4 
E. rubida   14.2 12.5   4.8 
E. melliodora   14.2   6.2   4.0 
Acacia melanoxylon 6.2    3.1  0.8 
 
Table 4.7 shows that E. obliqua and E. baxteri are the species with highest 
percentage in three EVCs. However, in EVC 47 the percentage of E. dives is 
most likely higher than that of the stringybarks, if we consider that the value of 
the two stringybarks is a combined percentage. E. ovata is dominant in two 
EVCs (55 and 23). 
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4.4.3.2 Tree species used by koalas in Creswick Forest 
Koalas released into Creswick Forest were found using 16 tree species 
although only seven species were used with a frequency of more than 5% of 
the total (Figure 4.5).  
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Figure 4.5. Percentage of tree species used by the translocated koalas and percentage 
tree species distribution in Creswick Forest. Trees were surveyed in the same areas used 
by koalas. 
Some of the species koalas were occupying were not located during the 
survey. These are species planted on private properties or in softwood 
plantations. One female was located for two consecutive days on an apple 
tree on a private property. A G-test analysis between the frequencies of the 
surveyed tree species and the frequencies of the species used by the 
translocated koalas showed that the proportions were significantly different 
(p>0.01, df=5). The graph also shows that the frequency of koalas using 
E. viminalis was higher than the surveyed frequency of this species. Also the 
frequencies of the surveyed E. ovata and the frequencies of usage of this 
species are similar, with a difference of only 4%.  
4.4.3.3 Individual use 
Table 4.8 shows the tree species used by the ten translocated koalas and one 
progeny conceived at the released site. Three females and two males were 
located mostly in E. viminalis, the percentage occupation of this species was 
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greater than 29%. Chris and Cinaby used the species more than 50% of the 
time. Three females were found in E. ovata more than 37% of the time, one 
female and one male mostly used E. obliqua and E. baxteri (>38%) and one 
male used both E. globulus and E. viminalis. 
Table 4.8. Percentage of tree species used by the translocated koalas in Creswick 
Forest. Ten koalas and one young born from a translocated female are listed. The 
percentages of the most used species are indicated in grey. N= number of records. 
Koalas 
Tree species (%) Cinaby 
N=14 
Cina 
N=31 
Cara
N=27
Carol
N=26
Cecilia
N=27
Celina
N=17
Claudia
N=17 
Charles 
N=26 
Chris 
N=24 
Caesar
N=20
Carl
N=18
Eucalyptus  viminalis  54.3 38.6 29.0 20.8   18.7 33.3 57.8  23.4
E. ovata  9.0 6.4 12.5 37.5 3.8 58.3 37.5 4.7 15.7 11.7  
E. obliqua/E. baxteri   6.4 16.6 20.8 38.4   14.2 5.2 41.1 5.8 
E. globulus           23.0
Acacia melanoxylon  18.0 9.6  8.3      11.7  
E. rubida  9.0 6.4 12.5    12.5   5.8 5.8 
E. aromaphloia 9.0 6.4   3.8   4.7  11.7 5.8 
E. dives   6.4 4.0  26.9 16.6  14.2 5.2  11.7
E. radiate   16.0 25.0 8.3 15.3 25.0 12.5 23.8 10.5  5.8 
Malus sp.  3.2          
Eucalyptus  sp.     4.1 7.6     5.8  
E. polyanthemos     3.8       
Pinus radiata       18.7   5.8 17.6
E. baueriana        4.7    
E. yarraensis         5.2   
Exocarpus 
cupressiformis  
         5.8  
 
As for the other two forests, it was not feasible to conduct a statistical test to 
determine if individual use was linked to the presence of tree species in the 
forest. This was due to the movement of the koalas through the different 
EVCs and the small number of tracking records available for each EVC. 
4.4.3.4 DBHOB of the trees used in Creswick Forest 
Figure 4.6 shows the frequencies of the DBHOB of trees surveyed in Creswick 
and the DBHOB of trees koalas were using.  
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Figure 4.6. Frequencies of the DBHOB of trees in Creswick Forest. The graph compares 
the DBHOB of trees used by the koalas and the DBHOB of the trees in the same areas in 
Creswick Forest. 
The last category includes trees with a DBHOB between 81 and 146 cm. A G-
test performed on the frequencies showed that the proportion were statistically 
significantly different (p=0.01, df=7). The graph indicates that koalas mostly 
used trees with a DBHOB larger than the DBHOB commonly present in 
Creswick Forest. Furthermore, trees with DBHOB between 31 and 40 cm 
were visited slightly more than trees with DBHOB between 21 and 30 cm 
(mean=49 cm; median=42 cm). 
4.4.3.5 Burnt area 
Five (three females and two males) of the ten translocated koalas and one 
young born during the study were found in the re-growth of trees in areas that 
were burned during the late December 1996/early January 1997 fire. Table 
4.9 displays the number of burnt trees, and their proportions, used by the six 
koalas. Four (two females and two males) of the six animals spent more than 
50% of the time in burnt areas. 
Table 4.9. Percentage of burnt trees used by 5 out of 10 translocated koalas and one 
progeny in Creswick Forest. The sex (in parenthesis) and approx age in years (at capture) 
are also indicated. 
Koalas Age Total trees Burnt trees % burnt trees 
Charles (M) 5 26 14 53.8 
Chris (M) 2 24 13 54.1 
Cina (F) 2 31   8 25.8 
Cecilia (F) 2 27 22 81.4 
Celina (F) 3 17 12 70.6 
Cinaby (F) 1-1.5   3   1 33.3 
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Most koalas were found in burnt trees for a number of consecutive records. 
These are displayed on the individual koala maps in Appendix 2. The species 
used in burnt area were E. obliqua/E. baxteri, E. viminalis, E. ovata, E. 
radiata, and E. polyanthemos. 
4.4.4 Private properties 
The three forests chosen to release koalas into adjoin private properties. 
Some of these properties have been partially cleared and some have been 
mostly cleared with a few remnant trees remaining. Twenty-four of the thirty 
translocated koalas (including those that died within three weeks post-release) 
were found in trees on private properties. Table 4.10 displays the number of 
koalas found on private properties and the proportion of records. Enfield 
Forest (the largest site) presented the highest number of koalas using trees 
on private properties. 
Table 4.10. Number of koalas found on private properties and percentage use of 
private properties adjoining the three forests. 
Forest Number of koalas % records on private property 
Lal Lal 6 25.1 
Enfield 10 29.6 
Creswick 8 17.7 
4.5 DISCUSSION 
4.5.1 Tree species used by koalas in the forests 
One of the aims of this translocation trial was to find suitable habitats with a 
variety of tree species that would give managers, who deal with relocations of 
koalas, a wider choice of suitable habitat availability (Lee et al. 1990). As 
already mentioned in the literature review, Victorian koalas have been found 
to overbrowse E. viminalis and E. ovata in areas where these species are 
dominant (Hindell et al.1985; Hindell & Lee 1987). 
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The translocated koalas were caught in an E. viminalis and E. obliqua habitat 
on French Island.  
During this study koalas were occasionally observed eating leaves of trees 
they were using. Most of the time, however, koalas were just sitting in the 
trees. Some studies (Melzer et al. 1995; Ellis et al 2002), dealing with 
Queensland koalas, have highlighted that often, but not always, daytime 
roosting is not a good indicator of diet. Previous studies (Robbins & Russell 
1978; Hindell et al. 1985; Martin 1985a; Hindell & Lee 1987, 1988) on 
Victorian koalas, however, have shown that trees used during the daytime are 
also used or are going to be used as fodder. It is important to underline that 
none of those studies were dealing with translocated animals. In reference to 
the Victorian research, Lee et al. (1990) assumed, in their translocation trial, 
that the trees koalas were using during daytime were used as fodder. 
Consequently, it can be expected that, in most cases during this study, koalas 
were feeding in the trees they were sitting in. 
The presence of a variety of food tree species, in the three chosen forests, 
meant the relocated koalas potentially had a wide range of native and non-
native tree species to choose for food. It appears from the results that the 
translocated koalas utilised a wide range of tree species even though the 
frequencies of some of the chosen species in the forest are low. Nevertheless, 
when E. viminalis is present (e.g. Creswick Forest) this species appears to be 
highly preferred. Although the choice of tree species has been found to be 
linked to mainly two factors, chemical (Journet & Cochrane 1978; Oates et al. 
1980; Cork 1984) and behavioural (Hindell & Lee 1987; Ough et al. 1988), this 
research indicates that the presence of a variety of species could be one way 
to mitigate the excessive use for fodder and consequent overbrowsing of a 
particular species by translocated koalas. This seems to be particularly so if 
the most preferred species (e.g. E. viminalis and E. ovata) are present in a 
relatively low density as in the release forests chosen for this translocation.  
The translocated koalas could potentially move freely throughout the release 
forests and therefore could use trees in any available EVC. Nevertheless, 
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the presence of resident animals at the release sites was probably one of the 
limiting factors to their movement and therefore limited their choice to certain 
tree species. Most of the animals used a wide range of tree species, 
indigenous or exotic, available in the area. It is possible that browsing on a 
variety of species is of important nutritional value. The results also suggest 
that individual choice is a factor in the use of food trees as previously shown 
by Hindell and Lee (1988). 
4.5.2 Tree DBHOB 
The translocated koalas, in this study, appeared to use trees of greater size 
than is mostly available in the release forests. In Lal Lal the mean DBHOB of 
trees in which koalas were found was 45 cm, (in the tree survey the mean was 
around 30 cm), in Enfield 42 cm (in the tree survey it was around 26 cm) and 
in Creswick 49 cm (in the tree survey it was around 42 cm). Due to logging, 
fire and regeneration, trees in the release forests, are relatively young and 
therefore their DBHOB is also relatively small. A large trunk also means large 
crown (Niklas 1994) and therefore more food (White 1994) and shelter 
available (Hindell et al. 1985). Koalas’ preference for larger trees has also 
been associated with their ease to climb (Hindell & Lee 1990). 
4.5.3 Burnt areas and private properties 
Creswick and Enfield Forests have been affected by fire. This research has 
shown that 13 out of 20 koalas released in these two forests used burnt trees. 
Although koalas were seen only a few times browsing the epicormic growth it 
was assumed that these trees were used as fodder on more occasions than 
those recorded, as these koalas were seen occupying burnt trees for 
consecutive observations. The use of burnt trees could be due to the higher 
content of water and minerals available in the re-sprouting foliage after a fire 
(Wellington 1984; Keith 1997). Also there is the probability that a reduction in 
the number of resident koalas, after a fire, reduces competition for the 
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relocated koalas in establishing a home range. 
This study has also confirmed the importance of private properties in the 
management of koala populations as already shown in a study carried out in 
New South Wales (Lunney et al. 2002). The effect of translocating koalas into 
isolated areas (e.g. Framlingham Forest, Tower Hill) has been proven to be 
destructive for the environment in these sites. Flora and fauna conservation 
was once believed to be an issue to deal with within the boundaries of 
national parks and reserves; many reserves are, however, not large enough to 
carry sustainable wildlife populations (Bennett 1995).  
4.6 CONCLUSION 
This study suggests that koalas choose a wide variety of eucalypts and other 
tree species for fodder or shelter when these are present and when their 
preferred species are not extensively available. This is an important indication 
for future selection of sites for the translocation of koalas. 
Tree size is also an issue in the management of koalas. This study has 
indicated the preference by the koalas for large trees. More studies are 
needed to determine whether the choice for a preferential tree size class is 
only linked to behaviour or could be also linked to nutritional factors 
(relationship between tree size and nutrients availability in leaves).  
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Management methodology issues 
5.1 LIMITATIONS 
The number of animals used in this trial was limited to 30 individuals due to 
organizational issues. These issues related to the capture and the movement 
of the animals from French Island, and the limited availability of DSE 
personnel to collect the “right” animals in the shortest time possible. The 
number of animals influenced the number of individuals per age class and the 
sex ratio. In addition, there was a limit to the number of radio-collars available. 
An additional issue was the duration of this project. The extent of the research 
was satisfactory to establish the survival, disease status and tree use of the 
translocated koalas. However, the effect of chlamydiosis on released koalas 
and their progeny have not been fully documented due to the relatively limited 
time available for a PhD research. This study has highlighted, however, the 
effect and potential threat of exposing Chlamydia-free colonies to chlamydial-
positive areas. The long-term effect on the individuals was not assessed 
because of the lag phase of the manifestation of symptoms.  
In spite of these limitations this translocation trial has provided useful 
information on the outcomes and the problems of this management tool. This 
project also has been valuable in outlining animal welfare issues (e.g. 
contraction of chlamydial disease by the progeny of translocated animals) that 
would have been otherwise unknown. 
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5.2 BACKGROUND ISSUES AND ASSUMPTIONS 
The history of movement of koalas in Victoria is a complex and political issue. 
Since the arrival of Europeans, koala populations have gone through a major 
change of their status. With the arrival of the white settlers and the 
consequent decline of Aboriginal populations, around the 1860s koala 
numbers increased throughout Australia. Following intensive hunting by 
settlers, deforestation, wildfires and diseases between the end of the 19th 
century through to the 1920s (Warneke 1978; Phillips 1990), many koala 
populations crashed (Kershaw 1934; Lewis 1934, 1952, 1954). When the first 
koalas were introduced onto French Island between 1880 and 1900 (Lewis 
1934, 1954) to save the species from extinction it was not suspected that the 
consequences of those releases would have caused so much interest for 
more than one hundred years.  
Overpopulation on French Island forced the various management agencies, 
throughout the decades, to move koalas to mainland Victoria and onto more 
islands. From the few residual small populations existing on the mainland 
during the 1920s, koalas are now widespread throughout their former range 
(Menkhorst et al. 1998). Several areas chosen on mainland, however, were 
isolated habitats. The patchy nature of these areas and the absence of 
Chlamydia caused koalas to overpopulate the release sites to the extent that 
the species is now considered a pest by some authors. (Tyndale-Biscoe 
1997). Koalas have become the subject of a long lasting political and ethical 
debate. Translocation, the management tool that was once thought to be the 
solution has been in some instances (e.g. Mt. Eccles) the cause for more 
problems. This can be attributed, in part, to the lack of in-depth research 
carried out prior, during and after the translocation. 
At the beginning of the ‘Translocation, Survival and Movement’ chapter the 
IUCN’s guidelines for translocation were discussed. These guidelines list 
several arguments worth expanding here. The main aim of translocating 
koalas is now to protect vegetation and to avoid overbrowsing at particular 
sites (ANZECC 1998; Menkhorst 1998). It still is, however, a mediated 
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movement of individuals, and it was used in the past to re-establish the wild 
populations in areas where they once occurred but from which they were 
extirpated. In-depth studies should be completed, before any translocation is 
carried out, to avoid more problems occurring at the release sites. Pre- and 
post-translocation assessments (e.g.: feasibility studies, background research, 
choice of proper release sites, choice of suitable colony, planning, and post-
release observations) are the main points of the IUCN (1995) guidelines that 
need to be implemented to sustainably manage natural resources and to 
safeguard the welfare of the animals. 
Koala numbers have increased to such an extent that government agencies 
are running out of suitable release sites (Menkhorst 1996; Menkhorst et al. 
1998). Based on these references, it was assumed that most of the released 
koalas would have survived this translocation trial. The primary aim of this 
research was, consequently, to gather information on the outcome of a 
translocation on the welfare of the individuals.  
The presence of Chlamydia in koalas, throughout mainland Victoria, has been 
confirmed by many authors (Lavin et al. 1990; Timms et al. 1996; Martin & 
Cross 1997). It was, therefore, assumed that chlamydial disease could 
constitute a potential health threat to the released animals in this study, as, in 
the previous translocation trial (Lee et al. 1990), the disease affected the 
released koalas. Yet some authors have indicated that Chlamydia has little 
effect on some populations (Menkhorst 1996) and that, with some exceptions, 
chlamydiosis is not a threatening process (Martin in ESSS 1996).  
This trial also aimed to investigate the outcome of a koala translocation in 
areas where the two preferred food species (E. viminalis and E. ovata) were 
at a low density and the animals could use a wide variety of food tree species 
(for fodder or other use). It has been shown that koalas may overbrowse and 
kill entire stands of their preferred species (Menkhorst 1996). It was expected 
that koalas in this study would have used a variety of species and therefore 
decrease the use of their preferred food tree species at the release sites. 
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5.2.1 Outcome 
5.2.1.1 Survival 
Forty-seven percent of the original released colony was followed to the end of 
the study, 24% of the koalas died during the trial and contact was lost with the 
rest of the animals. Only one female was Chlamydia-free at the end of the 
study and successfully reproduced during the second breeding season. The 
infected females did not successfully reproduce during the second breeding 
season post-release. The progeny of the infected females were also 
Chlamydia-positive. Eight of the nine koalas tested were infected with 
Chlamydia pecorum and one was infected with Chlamydia pneumoniae. This 
and the previous translocation trial (Lee et al. 1990) indicate that chlamydial 
infection might be one of the causes for concern for the survival of 
translocated koalas. If the decrease in reproduction success, shown in this 
study, was due to chlamydial infection and the affected progeny of the 
translocated koalas are also unable to reproduce, it is likely that the 
translocated animals will not significantly contribute to increasing the number 
of animals in the resident population. 
The age of male koalas appears to be also an issue when animals are 
translocated. Sexual maturity in males occurs at around two years of age. This 
is the time in which males naturally disperse from other areas and attempt to 
establish their home range (Mitchell & Martin 1990). Nevertheless, their 
mating ability is linked more to their body size than to their physiology. They 
must be able to overcome mature males in previously established home 
ranges. This generally occurs at approximately four years of age (Martin & 
Handasyde 1999). When translocated, these males are likely to be 
considered, by resident koalas, as immigrant animals and are, therefore, 
subjected to pressure from other males already at the sites. Fights are likely to 
occur. It is possibly not a coincidence that, in this study, 6 out of 9 lost koalas 
were males aged between two and five years.  
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The lack of information about the lost animals is an impediment to establishing 
the overall survival rate of this trial. 
5.2.1.2 Tree use and tree size 
The increase in weight of most animals is an indication that the food trees 
available in the chosen areas did not have a negative influence on the growth 
of the animals. Although E. ovata and E. viminalis were present (at low 
density) in the forests, most of the translocated animals used a variety of 
eucalypts and a few other tree genera available at the sites. During this study 
persistent use of particular trees was not observed.  
This research has also confirmed previous studies (Hindell et al. 1985; Hindell 
& Lee 1987; White 1994; Melzer 1995 in Moore & Foley 2000) that suggested 
the preference of koalas for large trees. Trees at all the release sites were 
proportionally smaller than the trees in which koalas were found.  
5.2.1.3 Movements 
Koalas in this research did not settle within four months post-release. Both 
furthest distances from release site and areas of exploration showed that most 
released koalas dispersed from release site throughout the study period.  
The use of areas of exploration in this study has been valuable in providing 
information on the size of the area koalas need to investigate when 
translocated to a new habitat. From a management perspective, the 
knowledge of the extent of the whole area needed by translocated koalas, 
before establishing a home range, assists in choosing the appropriate size of 
a forest for translocation. Interactions with resident koalas and tree species 
may be the reasons for translocated koalas to widely explore the new site 
before eventually settling into their home range. Movements are possibly 
mainly linked to individual need than to sex or age groups.  
The two males released in Lal Lal (the smallest of the three forests) moved 
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more than the koalas in the other two forests. This could be related to a 
combination of forest size and the presence of resident koalas. 
5.3 GENERAL DISCUSSION 
This translocation trial has given an insight on this problematic means of 
population control. The results of this trial indicate that koalas may be 
successfully translocated to areas with a variety of food tree species. 
However, this research has highlighted some issues that need to be dealt with 
for any koala translocation to be acceptable and successful from an animal 
welfare perspective. 
The most significant issue exposed by this translocation study was the likely 
negative influence of the chlamydial infection on reproduction. Future 
translocations need to be monitored to determine the long-term impact of 
chlamydial disease on the released animals and their progeny. The high 
antibody titre shown by most animals after the first breeding season post-
release and the presence of the organism in their genital area in this and the 
previous translocation trial (Lee et al. 1990), have indicated that chlamydial 
disease might negatively affect reproduction of Chlamydia-free animals 
relocated into Chlamydia-positive habitats. Furthermore, it might also affect 
the health and reproductive success of the progeny of affected animals. If this 
is confirmed by future research into the long-term effect of chlamydiosis, 
questions arise on the practicality, from an animal welfare and economic 
perspective, of translocating koalas into infected areas.  
In addition it is of primary importance to avoid release into isolated habitats. 
Dispersion is essential if overpopulation and overbrowsing is to be prevented. 
Moreover, it is a mechanism by which koalas spread their genes throughout 
various areas. Bottlenecks caused by past over hunting, relocation of few 
individuals as well as isolation that some koala populations have been 
experiencing over many decades, have caused decreased genetic variability 
(Emmins et al. 1996; Houlden et al. 1996; Taylor et al. 1997; Sherwin et al. 
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2000). The combination of chlamydial disease and narrow gene pool could 
constitute a further threat to the species. The reproduction of those few 
relocated animals that are not affected by chlamydiosis, whose gene pool is 
originally depleted, will affect the population, further restricting the genetic 
variability. This situation might lead to reduction of fitness as it has been 
already documented in some populations with low genetic variation (Johnsson 
1998; Sherwin et al. 2000; Montgomery et al. 2001). This might also reduce 
the population’s ability to adapt to changes in the environment (Sherwin et al. 
2000). 
This trial has also indicated that: 
• Translocation does not appear to have a particular negative effect on 
the survival of older animals. However, as the purpose of current 
translocations is to reduce koala numbers in overpopulated areas, 
animals older than 10 years should not be translocated since their 
fertility is reduced and as a consequence they would not greatly 
contribute to increasing the population pressure at the source site (Lee 
et al. 1990). 
• Areas classified as the same EVCs as the areas in this study and/or 
containing the same tree species are possible options for koala 
releases.  
• The choice of sites has to take into account tree diameter (DBHOB) 
preferred by koalas. 
• Treed areas ought to be available on land surrounding the release 
forests. Furthest distances from release site, the size of the areas 
koalas have explored as well as the use of private land by the 
translocated koalas in this study, have shown the importance of taking 
the size of a release forest into consideration when choosing an area 
for release. The importance of treed private properties has been 
demonstrated in this trial. Of the released koalas, 80% dispersed 
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into and used trees on private properties. Habitat restoration (IUCN 
1995), government-based habitat management of private land as well 
as forested links on both public and private land need to be the main 
foci of government agencies (Bennett 1995; Lunney et al. 2002). These 
will give koalas the means to disperse to other areas avoiding the issue 
of overpopulation as already occurred after previous translocations 
(e.g. Mt. Eccles, Framlingham Forest and Tower Hill). 
• The use of EVCs to select appropriate release sites has to be 
combined with other survey methods in order to achieve a detailed 
description of the vegetation present. EVCs are an important tool to 
give an indication of presence or absence of vegetation communities; 
however, more specific data is needed for determining appropriate 
release sites for koalas.  
5.4 CONCLUSION 
5.4.1 Is koala translocation successful? 
What determines ‘success’ when it refers to the translocation of koalas if the 
purpose is the removal of animals to reduce overpopulation and 
overbrowsing? Should success be assessed at the release site or the source 
site? How important is it that this type of translocation be successful at the 
release site?  
If the success of a koala translocation is focussed on the release site, then its 
success would be achieved if the following criteria were met as suggested by 
some authors:  
• The establishment of a self-sustaining population (Griffith et al. 1989), 
• The establishment of at least 500 individuals (Beck et al. 1994 in 
Seddon 1999), 
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• The successful breeding of the first wild-born progeny (Sarrazin 1996 in 
Seddon 1999).  
When the aim of the continuous translocation of koalas is the reduction of the 
number of animals in overpopulated areas then the success should probably 
be determined at the source site. Hence, it has to be established whether the 
removal of animals has reduced the overall population to a level that the 
numbers left will not constitute a problem in the future.  
It can be asserted that translocations of koalas in the past have been 
successful in re-establishing the nearly extinct koala populations in Victoria. 
Nevertheless, the recent translocations, which principal aim has been to 
reduce overpopulation and overbrowsing at the source site, have not 
succeeded. 
Translocation of koalas, by government agencies, has been a management 
tool, to deal with overpopulation and overbrowsing of eucalypts, for many 
decades (Menkhorst 1996). Nevertheless, areas on islands and on mainland 
Victoria, from which koalas have been continually removed, are still 
overpopulated and translocations continuously occur.  
As discussed previously it is important to consider translocation programmes 
as a tool for the long-term survival of a species and not only as a simple short-
term management option (Southgate 1994). It is therefore important that the 
reasons for a population’s decline or prosperity are known (Southgate 1994) 
and that translocation methodologies are reviewed so that optimal results may 
be achieved in the future (Backhouse et al. 1994). 
A focus of this research was to determine the outcomes of koala relocation 
from the animals’ welfare perspective. This study has reported the short-term 
impact of Chlamydia on the relocated koalas. The decrease in reproductive 
success after the second mating season is a concern.  
It is acknowledged that the presence of Chlamydia, throughout most areas on 
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mainland Victoria, may be a concern to the welfare of the translocated 
animals although, further studies need to determine the severity of the 
infectious disease on the animal’s health. It should not be overlooked, 
however, that if action would not be taken to reduce overpopulation, trees 
would be overbrowsed and most animals would starve. The community does 
not accept the culling of surplus animals, as a result, at this stage, 
translocation is the most effective management solution. However, it cannot 
be the only way to deal with overpopulation. In order to achieve the total and 
permanent removal of koalas from ‘problem areas’, combined management 
strategies are needed. The aim should be the removal of as many koalas as 
possible and sterilization of those koalas that, due to age or social status (e.g. 
alpha males), will remain at the source site. This will leave a non-viable sterile 
population. It is recognized that the previous statement would create 
discomfort in the community due to the impact this solution would have on the 
economy of some areas (e.g. French Island) where koalas are now a tourist 
attraction and part of the everyday scenery. A campaign to educate the public 
on the negative effects of koala overpopulation in isolated habitats, the costs 
of translocating koalas and the impact of this procedure on the animals’ 
welfare could lead to a better understanding of the issue. 
The high densities of koalas in some sites could lead to the false impression 
that koala populations are healthy and thriving throughout their range in 
Victoria. It is not clear, however, what the koala’s actual status in Victoria is 
because of the continuous releases into various areas. Population density 
estimates vary throughout the State; in some remnant patches around 10 
koalas per ha (ANZECC 1998), and in others (e.g. Brisbane Ranges National 
Park) between 0.25 and 1.6 per ha (Hindell 1984; Gowan et al 2000). 
Furthermore, limited information is available on the impact of Chlamydia on 
the animals’ fertility and consequently on the population dynamics of these 
marsupials throughout the State. 
The political and economical effort of government agencies should be directed 
at improving the knowledge on the effect that the combination of chlamydial 
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disease, poor genetic variability and habitat loss has on the population 
dynamics of koalas. Furthermore, it is of primary importance to protect existing 
habitat and to increase the planting of indigenous tree species both on private 
and public land providing links between isolated forested areas. 
The small number of koalas introduced onto islands has probably saved the 
species from extinction. It has, however, created a long lasting political and 
ethical debate. The community, scientists and governments have to be 
involved in koala management decisions. Compromises will have to be made 
in order to achieve the best solution for the long term benefit and safeguard of 
both humans’ and koalas’ interests. 
5.5 FURTHER RESEARCH 
This study has highlighted that further extensive research is required to 
answer the following questions. 
• What long-term effect does Chlamydia have on translocated and 
resident koalas? 
• What species and strains of Chlamydia are present in Victoria and how 
differently do they affect health, reproduction and survival? 
• Do some koalas recover from chlamydial infection and become able to 
reproduce again?  
• Are all the progeny of C. pecorum affected mothers Chlamydia-
positive? 
• Will the viability of Victorian koala populations be affected if koalas are 
irreversibly infected by disease and translocation programmes are 
terminated? 
• Is there a relationship between the quality of food available to koalas 
and reproductive success?   
 
126
 References 
Armstrong, D.P., Lovegrove, T.G., Allen, D.G. & Craig, J.L. (1994). 
Composition of founder groups for bird translocations: does familiarity matter? 
pp. 105-11 in Serena, M. (ed). Reintroduction Biology of Australian and New 
Zealand Fauna Surrey Beatty and Sons, Chipping Norton, NSW. 
Australian and New Zealand Environment and Conservation Council 
(ANZECC) (1998). National koala conservation strategy. Environment 
Australia, Canberra. 
Australasian Wildlife Management Society Newsletter (AWMS) (March 1997). 
Draft Position Statement, Translocation for conservation. AWMN, University of 
New England Printery. 
Backhouse, G. & Crouch, A. (1990). Koala management in the Western Port 
region, Victoria. pp. 313-17 in Lee, A.K., Handasyde, K.A. and Sanson, G.D. 
(eds). Biology of the Koala. Surrey Beatty and Sons, Chipping Norton, NSW.  
Backhouse, G.N., Clark, T.W. & Reading, R.P. (1994). Reintroduction for 
recovery of the Eastern-barred Bandicoot Parameles gunnii in Victoria, 
Australia. pp. 105-11 in Serena, M. (ed) Reintroduction Biology of Australian 
and New Zealand Fauna. Surrey Beatty and Sons, Chipping Norton, NSW. 
Backhouse, T.C. & Bolliger, A. (1961). Morbidity and mortality in the koala 
(Phascolarctos cinereus). Australian Journal of Zoology 9: 24-37. 
Baker, R.T. & Smith, H.G. (1920). A research on the eucalypts and their 
essential oils. The government of the State of New South Wales, Sydney. 
 127
REFERENCES 
Baranga, D. (1983). Changes in chemical composition of food parts in the diet 
of colobus monkeys. Ecology 64: 668-73. 
Bennett, A.F. (1995). Wildlife conservation and management on private land: 
facing the challenge. pp. 119-27 in Bennett, A., Backhouse, G., and Clark, T. 
(eds). People and Nature Conservation. Perspectives on Private Land Use 
and Endangered Species Recovery. Transactions of the Royal Zoological 
Society of New South Wales, Sydney. 
Betts, T.S., (1978). Koala acceptance of Eucalyptus globulus Labil. as food in 
relation to the proportion of sequiterpenoids in the leaves. pp. 75-85 in Bergin 
T.J. (ed). The Koala: Proceedings of the Taronga Symposium. Zoological 
Parks Board of New South Wales, Sydney. 
Blanshard, W.H. (1994). Wildlife. Proceedings of The T.G. Hungerford 
Refresher Course for Veterinarians (233). Western Plains Zoo, Dubbo, NSW. 
Braithwaite, R.W., Lumsden, L.F. & Dixon, J.M. (1980). A short history of 
Quail Island. pp. 44-88 in Sites of Zoological Significance in the Westport 
region: Interim report, “Top of the Bay” area. National Museum of Victoria, 
Melbourne. 
Bright, P.W. & Morris, P.A. (1994). Animal translocation for conservation: 
performance of dormice in relation to release methods, origin and season. 
Journal of Applied Ecology 31: 699-708. 
Brower, J.E., Zar, J.H. & von Ende, C.N. (1998). Field and laboratory methods 
for general ecology (Fourth edition). WCB McGraw-Hill Boston, 
Massachusetts. 
Brown, A.S., & Grice, R.G. (1984). Isolation of Chlamydia psittaci from koalas 
(Phascolarctos cinereus). Australian Veterinary Journal 61: 13. 
Brown, A.S., & Carrick, F.N. (1985). Koala disease breakthrough. Australian  
 
128
REFERENCES 
Natural History 21: 314-7.  
Brown, A.S., & Grice, R.G. (1986). Experimental transmission of Chlamydia 
psittaci in the koala. pp. 349-52 in Oriel, D., Ridgeway, G., Schlachter, J., 
Taylor-Robinson D. and Ward, M. (eds). Chlamydial infections. Cambridge 
University Press, Cambridge. 
Brown, A.S., Girjes, A.A., Lavin, M.F, Timms, P. & Woolcock J.B. (1987). 
Chlamydial disease in koalas. Australian Veterinary Journal 64: 346-50. 
Brown, S. & Woolcock, J.B. (1990). Strategies for control and prevention of 
chlamydial diseases in captive koalas. pp. 295-98 in Lee, A.K., Handasyde, 
K.A. and Sanson, G.D. (eds). Biology of the Koala. Surrey Beatty and Sons, 
Chipping Norton, NSW. 
Campbell, A. (1994). Victorian aborigines: John Bulmer’s recollections (1855-
1908). Museum of Victoria, Occasional Papers Anthropology and History 1: 
49-59.  
Canfield, P. (1990). Disease studies on New South Wales koalas. pp. 249-54 
in Lee, A.K., Handasyde, K.A. and Sanson, G.D. (eds). Biology of the Koala. 
Surrey Beatty and Sons, Chipping Norton, NSW. 
Clark, S. (1998) Koala response to translocation to the South East of South 
Australia, particularly in Red Gum dominated vegetation. p. 12 in Proceeding 
of the Review of the Koala Management Program on Kangaroo Island 1998. 
Department of Environment, Heritage and Aboriginal Affairs, South Australia. 
Cockram, F.A. (1978). Investigation into keratoconjunctivitis of koalas. pp. 
177-82 in Bergin T.J. (ed). In The Koala: Proceedings of the Taronga 
Symposium on Koala Biology, Management and Medicine. Zoological Parks 
Board of New South Wales, Sydney. 
Cockram, F.A. & Jackson, A.R.B. (1974). Isolation of a chlamydia from cases 
 
129
REFERENCES 
of keratoconjunctivitis in koalas. Australian Veterinary Journal 50: 82-83. 
Cogan, R.D., Cordes, R. & DeBerti, J. (2002). Pennsylvania’s Elk trap and 
transfer project. URL http://sites.state.pa.us/PA_Exec/PGC/elk/elkArticl1.htm 
[Accessed 18th February 2003]  
Commonwealth and Victoria RFA Steering Committee (1999). West Victoria - 
comprehensive regional assessment report (volume 2). Department of Natural 
Resources and Environment, Melbourne. 
Copley, P.B. (1994). Translocation of native vertebrates in Australia: a review. 
pp. 35-42 in Serena, M. (ed). Reintroduction Biology of Australian and New 
Zealand Fauna. Surrey Beatty and Sons, Chipping Norton, NSW. 
Cork, S.J. (1984). The utilisation of Eucalyptus foliage by arboreal marsupials. 
Proceedings of the Nutrition Society of Australia 9: 88-97. 
Cork, S.J. (1986). Foliage of Eucalyptus punctata and the maintenance 
nitrogen requirements of koalas, Phascolarctos cinereus. Australian Journal of 
Zoology 34:17-23. 
Cork, S.J. (1995). Life in a salad bowl. Nature Australia. 25: 30-7. 
Cork, S.J. & Hume, I.D. (1983). Microbial digestion in the koala (Phascolarctos 
cinereus, Marsupialia), an arboreal folivore. Journal of Comparative 
Physiology 152: 131-5. 
Cork, S.J. & Pahl, L. (1984). The possible influence of nutritional factors on 
diet and habitat selection by the ringtail possum (Pseudocheirus peregrinus). 
pp. 269-76 in A. Smith, A. and Hume, I.D (eds). Possums and Gliders. Surrey 
Beatty and Sons and Australian Mammal Society, Sydney. 
Cork, S.J. & Sanson, G.D. (1990). Digestion and nutrition in the koala: a 
review. pp. 129-44 in Lee, A.K., Handasyde, K.A. and Sanson, G.D. (eds). 
 
130
REFERENCES 
Biology of the Koala. Surrey Beatty and Sons, Chipping Norton, NSW. 
Degabriele, R. & Dawson, T.J. (1979). Metabolism and heat balance in an 
arboreal marsupial, the koala (Phascolarctos cinereus). Journal of 
Comparative Physiology 134: 293-301. 
Dein, J., Converse, C., & Wolf, C. (1995). Captive propagation, introduction 
and translocation programs for wildlife vertebrates. URL http://biology.usgs.go
v/s+t/noframe/u219.htm [Accessed 2nd March 2000]. 
Dufty, A.C., Seebeck, J.H., McKay, J. & Watson, A.J. (1994). Reintroduction 
of the Eastern-barred Bandicoot Perameles gunnii at Gellibrand Hill Park, 
Victoria pp. 219-25 in Serena, M. (ed). Reintroduction Biology of Australian 
and New Zealand Fauna. Surrey Beatty and Sons, Chipping Norton, NSW. 
Eberhard, I. H. (1972). Ecology of the koala Phascolarctos cinereus 
(Goldfuss) on Flinders Chase, Kangaroo Island.  Ph.D. Thesis. University of 
Adelaide, South Australia. 
Ellis, W.A.H., Melzer, A., Green, B., Newgrain, K. Hindell, M.A. & Carrick, F.N. 
(1995). Seasonal variation in water flux, field metabolic rate and food 
consumption of free-ranging koalas (Phascolarctos cinereus). Australian 
Journal of Zoology 43: 59-68. 
Ellis, W.A.H., Melzer, A., Carrick, F.N. & Hasegawa, M. (2002). Tree use, diet 
and home range of the koala (Phascolarctos cinereus) at Blair Athol, central 
Queensland. Wildlife Research 29: 303-11. 
Emmins, J.J. (1996). The Victorian koala: genetic heterogeneity, immune 
responsiveness and epizootiology of chlamydiosis. Ph.D. Thesis. Monash 
University, Clayton, Victoria. 
Emmins J.J. & Turner, S.J. (1992). A new enzyme immunoassay for the 
diagnosis of chlamydiosis in the koala. pp. 54-6 in Proceedings of The Wildlife 
 
131
REFERENCES 
Disease Association (Australasian Section) Annual Meeting. Warrumbungle 
National Park, NSW.  
Emmins, J.J., Sofronidis, G., Temple-Smith P & Boyd R (1996) The genetic 
status of south-eastern Australia’s koalas. pp 19-29. In Proceedings of the 
Australian Koala Foundation Conference on the status of the Koala in 1996. 
AKF, Brisbane, Australia. 
Endangered Species Scientific Subcommittee (ESSS) (1996). Advice to the 
Minister for the Environment from the Endangered Species Scientific 
Subcommittee (ESSS) on public nominations to Schedule 1 of the 
Endangered Species Protection Act 1992 (the Act). [www document]  URL 
http://www.environment.gov.au/bg/threaten/lists/advices/fauna/koala.html 
[Accessed 30th June 2000]. 
Everett, K.D.E., Bush, R.M. & Andersen, A.A. (1999). Amended description of 
the order Chlamydiales, proposal of Parachlamydiaceae fam. nov., each 
containing one monotypic genus, revised taxonomy of the family 
Chlamydiaceae, including a new genus and five new species, and standards 
for the identification of the organism. International Journal of Systematic 
Bacteriology 49: 415-40. 
Fleay, D. (1937). Observation on the koala in captivity. Successful rearing in 
Melbourne Zoo. Australian Zoologist 9: 68-80. 
Foley, W.J. (1987). Digestion and energy metabolism in a small arboreal 
marsupial, the greater glider (Petauroides volans), fed high-terpene 
Eucalyptus foliage. Journal of Comparative Physiology 157: 355-62. 
Foley, W.J. & Hume, I.D. (1987). Digestion and metabolism of high tannin 
Eucalyptus foliage by the brushtail possum (Trichosurus vulpecula) 
(Marsupialia; Phalangeridae). Journal of Comparative Physiology 157: 67-76. 
Foley, W.J., Lassack, E.V. & Brophy, J. (1987). Digestion and absorption of 
 
132
REFERENCES 
Eucalyptus essential oils in greater gliders (Petauroides volans) and brushtail 
possums (Trichosurus vulpecula). Journal of Chemical Ecology 13: 215-30. 
Fowler, J, Cohen, L. & Jarvis, P. (1998). Practical statistics for field biology. 
John Wiley and sons. Chichester, England. 
Fox, L.R. & MaCauley, B.J. (1977). Insect grazing on Eucalyptus in response 
to variation in leaf tannins and nitrogen. Oecologia 29: 145-62. 
Friend, J.A. & Thomas, N.D. (1994). Reintroduction and the numbat recovery 
programme. pp. 219-25 in Serena, M. (ed) Reintroduction Biology of 
Australian and New Zealand Fauna. Surrey Beatty and Sons, Chipping 
Norton, NSW. 
Fukushi, H. & Hirai, K. (1992). Proposal of C. pecorum sp. Nov. for Chlamydia 
strains derived from ruminants. Journal of Systematic Bacteriology 42: 306-8. 
George, G.G. (1977). Food preference of koalas at Healesville. Bulletin of Zoo 
Management 8: 33. 
Gewirtz, J. (1999). Prairie dog colonies to move to new home [www 
document]. Boulder News – Prairie Dog update. URL 
http://www.bouldernews.com/extra/prairiedog/20cpdog.html [Accessed 1st 
Jan 2000]. 
Girjes, A.A., Hugall, A., Timms, P. & Lavin, M.F. (1988). Two distinct forms of 
Chlamydia psittaci associated with disease and infertility in Phascolarctos 
cinereus (koala). Infection and Immunity 56:1897-1900. 
Girjes, A.A., Carrick, F.N. & Lavin, M.F. (1994). Remarkable sequence 
relatedness in the DNA encoding the major outer membrane protein of 
C. psittaci (koala type I) and C. pneumoniae. Gene 138: 139-42. 
Glassick, T.V., Giffard, P. & Timms, P. (1996). Outer membrane protein 2 
 
133
REFERENCES 
gene sequence indicate that two species, Chlamydia pecorum and Chlamydia 
pneumoniae cause infection in koalas. Systematic Applied Microbiology 19: 
457-64. 
Gordon, G., McGreevy, D.G. & Lawrie, B.C. (1990). Koala population turnover 
and male social organization. pp. 189-92 in Lee, A.K., Handasyde, K.A. and 
Sanson, G.D. (eds). Biology of the Koala. Surrey Beatty and Sons, Chipping 
Norton, NSW. 
Gowans, S., Gibson, M. & Prevett, P. (2000). Habitat assessment and koala 
density in the Brisbane Ranges National Park, Victoria: preliminary findings. 
pp.29-38. In Proceedings of the Australian Koala Foundation Conference on 
the status of the Koala in 1996. AKF, Brisbane, Australia. 
Grayston, J.T. & Wang, S.P. (1975). New knowledge of the chlamydiae and 
the diseases they cause. Journal of Infectious Disease 132: 87-105. 
Grayston, J.T., Kuo, C-C., Wang, S-P. & Altman, J. (1986). A new Chlamydia 
psittaci strain, TWAR, isolation in acute respiratory tract infection. New 
England Journal of Medicine 135: 161-8. 
Grayston, J.T., Kuo, C-C., Campbell, L.A. & Wang, S-P. (1989). Chlamydia 
pneumoniae sp. Nov. for Chlamydia sp. Strain TWAR. International Journal of 
of Systematic Bacteriology 39: 88-90. 
Greer, A.E. (2001). Putting the move on nature. Nature Australia 26:84. 
Grice, R.G. & Brown, A.S. (1985). A tissue culture procedure for the isolation 
of Chlamydia psittaci from koalas (Phascolarctos cinereus). Australian Journal 
of Experimental Biological Medical Science 62: 283-6. 
Griffith, B., Scott, J.M., Carpenter, J.W. & Reed, C. (1989). Translocation as a 
species conservation tool: status and strategy. Science 245: 477-80. 
 
134
REFERENCES 
Handasyde, K.A. (1986). Factors affecting reproduction in the female koala 
(Phascolarctos cinereus). Ph.D. Thesis, Monash University, Clayton, Victoria. 
Hardy, A.D. (1906). Excursion to Wilson’s Promontory. Victorian Naturalist 22: 
191-7. 
Harris, S., Cresswell, W.J., Forde, P.G., Trewhella, W.J., Woollard, T. & Wray, 
S. (1990). Home-range analysis using radio-tracking data—a review of 
problems and techniques particularly as applied to the study of mammals. 
Mammal Review 20: 97-123. 
Harrop, C.J.F., & Degabriele, R. (1976). Digestion and nitrogen metabolism in 
the koala, Phascolarctos cinereus. Australian Journal of Zoology 24: 201-15 
Hilton, A.L., Richmond, S.J., Milne, J.D., Hindley, F. & Glarke, S.K.R. (1974). 
Chlamydia A in the female genital tract. British Journal of Venereal Disease 
50: 1-9. 
Hindell, M.A. (1979). Diet selectivity in the koala. Honours Thesis Monash 
University, Clayton, Victoria. 
Hindell, M.A. (1984). The feeding ecology of the koala, Phascolarctos 
cinereus, in a mixed Eucalyptus forest. M.Sc. Thesis, Monash University, 
Clayton, Victoria. 
Hindell, M.A. Handasyde, K.A. & Lee, A.K. (1985). Tree species selection by 
free-ranging koala population in Victoria. Australian Wildlife Research 12: 137-
44. 
Hindell, M.A. & Lee, A.K. (1987). Habitat use and tree preferences of koalas in 
a mixed eucalypt forest. Australian Wildlife Research 14: 349-60. 
Hindell, M. & Lee, A.K. (1988). Tree use by individual koalas in a natural 
forest. Australian Wildlife Research 15: 1-7. 
 
135
REFERENCES 
Hindell, M.A. & Lee, A.K. (1990). Tree preferences of the koala. pp. 117-21. in 
Lee, A.K., Handasyde, K.A. and Sanson, G.D. (eds). Biology of the Koala. 
Surrey Beatty and Sons, Chipping Norton, NSW. 
Houlden, B.A., England, P.R., Taylor, A.C., Greville, W.D. & Sherwin, W. B. 
(1996). Low genetic variability of the koala Phascolarctos cinereus in south-
eastern Australia following a severe population bottleneck. Molecular Ecology 
5: 269-81. 
Hume, I.D. & Esson, C. (1993). Nutrients, antinutrients and leaf selection by 
captive koalas (Phascolarctos cinereus). Australian Journal of Zoology 
41: 379-92. 
IUCN (The world Conservation Union) (1995 May). IUCN/SSC Guidelines for 
re-introductions. [www document]. The World Conservation Union. URL 
http://iucn.org/themes/ssc/pubs/policy/reinte.html. [Accessed 26th June 2000]. 
Jackson, M., White, N., Giffard, P. & Timms, P. (1999). Epizootiology of 
Chlamydia infections in two free-range koala populations. Veterinary 
Microbiology 65: 255-64. 
Johnsson G. (1998). Koala bloods and other interesting diversions. p. 10 in 
Department of Environment, Heritage and Aboriginal Affairs, South Australia 
(eds). Proceeding of the Review of the Koala management Program on 
Kangaroo Island 1998. Department of Environment, Heritage and Aboriginal 
Affairs, South Australia. 
Journet, A.R.P. & Cochrane, P.M. (1978). Free amino acids in the leaf tissue 
of Eucalyptus blakelyi. Phytochemistry 17: 1789-90. 
Jubb, K.V.F., Kennedy, P.C. & Palmer, N. (1985). The female genital system. 
pp 305-407 in Jubb, K.V.F., Kennedy, P.C. and Palmer, N. (eds) Pathology of 
Domestic Animals (Fourth edition vol. III). Academic Press Inc., New York. 
 
136
REFERENCES 
Kavanagh, R.P. & Lambert, M.J. (1990). Food selection by the greater glider, 
Petauroides volans: is foliar nitrogen a determinant of habitat quality? 
Australian Wildlife Research 17: 285-99. 
Keith, H. (1997). Nutrient cycling in eucalypt ecosystems. In Williams, J.E. and 
Woinarski J.C.Z. (eds) Eucalypt ecology. Cambridge University Press.  
Kershaw, J.A. (1915). Excursion to National Parks, Wilson’s Promontory. 
Victorian Naturalist 31: 143-52. 
Kershaw, J.A. (1934). The koala on Wilson’s Promontory. Victorian Naturalist 
51: 76-7. 
Knight, B.J. (1993). The gas chromatographic-mass spectrometer [GC-MS] 
analysis of essential oils in Eucalyptus leaves by headspace sampling in 
relation to the diet of the Koala [Phascolarctos cinereus]. Honours Thesis, 
Division of Life Sciences, University of Ballarat, Ballarat, Victoria. 
Kohen, J.L. (1998). Aborigines and marsupials. [www document]. URL 
http://www.newcastle.edu.au/department/b.../marsupialcrc/marsupsymp/abori
gines.html. [Accessed 2nd March 2000]. 
Land Conservation Council (LCC) (1980). Report on the Ballarat area. Land 
Conservation Council, Melbourne. 
Landsberg, J. (1987). Feeding preferences of common brushtail possum on 
seedlings of a woodland eucalypt. Australian Wildlife Research 14:361-69. 
Lavin, M.F., Girjes, A.A., Hugall, A.F., Timms, P., Weigler, B.J. & Brown, S. 
(1990). Chlamydia psittaci and disease in Phascolarctos cinereus (koala). 
pp. 261-6 in Lee, A.K., Handasyde, K.A. & Sanson, G.D. (eds). Biology of the 
Koala. Surrey Beatty and Sons, Chipping Norton, NSW. 
Lawler, I.R., Foley, W.J., Eschler, B.M., Pass, D.M. & Handasyde, K. (1998). 
 
137
REFERENCES 
Intraspecific variation in Eucalyptus secondary metabolites determines food 
intake by folivorous marsupials. Oecologia 116: 160-9. 
Lawler, I.R., Stapley, J., Foley, W.J. & Eschler, B.M. (1999). Ecological 
example of conditioned flavour aversion in plant-herbivore interactions: effects 
of terpenes of Eucalyptus leaves on feeding by common ringtail and brushtail 
possums. Journal of Chemical Ecology. 25: 401-15. 
Lee, A.K. & Martin, R.W. (1988). The Koala, a Natural History. New South 
Wales University Press: Sydney. 
Lee, A.K., Martin, R.W. & Handasyde, K.A. (1990). Experimental translocation 
of koalas to new habitat. pp. 299-312 in Lee, A.K., Handasyde, K.A. and 
Sanson, G.D. (eds). Biology of the Koala. Surrey Beatty and Sons, Chipping 
Norton, NSW. 
Lewis, F. (1934). The Koala in Victoria. Victorian Naturalist 51: 73-6. 
Lewis, F. (1952). Koala cruise: transported to life. Wildlife and Outdoors 
16: 108-17. 
Lewis, F. (1954). The rehabilitation of the koala in Victoria. Victorian Naturalist 
70: 197-200. 
Lindenmayer, D.B. (1994). Some ecological consideration and computer-
based approaches for the identification of potentially suitable release sites for 
reintroduction programmes. pp. 1-5 in Serena, M. (ed). Reintroduction Biology 
of Australian and New Zealand Fauna Surrey Beatty and Sons, Chipping 
Norton, NSW. 
Lithgow, K.A., (1982). Koalas feeding in Monterey pine. Victorian Naturalist 
99: 259. 
Lowman, M.D. & Box, J.D. (1983). Variation in leaf toughness and phenolic 
 
138
REFERENCES 
content among five species of Australian rain forest tree. Australian Journal of 
Zoology 8: 17-25. 
Lunney, D., O’Neill, L., Matthews, A. & Sherwin, W.B. (2002). Modelling 
mammalian extinction and forecasting recovery: koalas at Iluka (NSW, 
Australia). Biological Conservation 106:101-13. 
Macfarlane, J.T. & Macrae, A.D. (1983). Psittacosis. British Medical Journal 
39: 163-7. 
MacKenzie, W.C. (1919). The genito-urinary system in monotremes and 
marsupials. Jenkin Buxton, Melbourne.  
MacPherson, J. (1925). The toxicology of Eucalyptus oil. Medical Journal of 
Australia 25: 108-10. 
Martin, J.L. (1998). The biology and the molecular biology of genital 
chlamydial infections in both humans and koalas. Ph.D. Thesis. Monash 
University, Clayton, Victoria. 
Martin, J.L. & Cross, G.F. (1997). Comparison of the omp I gene of Chlamydia 
psittaci between isolates in Victorian koalas and other animal species. 
Australian Veterinary Journal 75: 579-82. 
Martin, R. (1989). Draft management plan for the conservation of the Koala 
(Phascolarctos cinereus) in Victoria. A report to the Department of 
Conservation, Forest and Land (technical report series No. 99). Department of 
Conservation, Forest and Land, Victoria. 
Martin, R. (1997). Koala politics. Nature Australia 25: 80. 
Martin, R.W. (1981). Age-specific fertility in three populations of the koala 
Phascolarctos cinereus (Goldfuss) in Victoria. Australian Wildlife Research 
8: 275-83. 
 
139
REFERENCES 
Martin, R.W. (1983). Complete book of Australian mammals. In Strahan, R. 
(ed). The Australian Museum.  
Martin, R.W. (1985a). Overbrowsing, and decline of a population of the koala, 
Phascolarctos cinereus, in Victoria. I. Food preference and food tree 
defoliation. Australian Wildlife Research 12: 355-65. 
Martin, R.W. (1985b). Overbrowsing, and decline of a population of the koala, 
Phascolarctos cinereus, in Victoria. II. Population condition. Australian Wildlife 
Research 12: 367-75. 
Martin, R.W. (1985c). Overbrowsing, and decline of a population of the koala, 
Phascolarctos cinereus, in Victoria. III. Population dynamics. Australian 
Wildlife Research 12: 377-85. 
Martin, R.W. & Lee, A.K. (1984). The koala Phascolarctos cinereus, the 
largest marsupial folivore. pp. 463-7, in Smith, A. and Hume, I.D. (eds). 
Possums and Gliders. Surrey Beatty and Sons and Australian Mammal 
Society: Sydney. 
Martin, R. & Handasyde, K. (1987). Research into chlamydiosis in natural 
populations of the koala in Victoria, Phase III. ANWS Research and Surveys 
program: Koala research. 
Martin, R. & Handasyde, K. (1999). The Koala. Natural history conservation 
and management. University of New South Wales Press. 
Mattson, W.J. (1980). Herbivory in relation to plant nitrogen content. Annual 
Review of Ecology and Systematics 11: 119-61. 
McArthur, C. (1987). Histology of neutral detergent fibre from a tannin-rich 
foliage pp. 43-4 in Rose, M. (ed). Herbivore Nutrition Research. Department of 
Primary Industries, Yeerongpilly, Queensland. 
 
140
REFERENCES 
McColl, K. A., Martin, R.W., Glesson, L.J., Handasyde, K.A. & Lee, A.K. 
(1984). Chlamydial infection and infertility in the female koala. Veterinary 
Record 115: 655. 
McNally, J. (1957). A field survey of a koala population. Proceeding of the 
Royal Zoological Society. NSW 1955-56: 18-27. 
McNally, J., Hare, T.A., & Jarchow, J. (1999). Evaluation of a rattlesnake 
relocation program. [www document]. URL http://tucsonherpsociety.org/featur
e4.html [Accessed 18th February 2000] 
Melzer, A., MacLennan, D., & Lamb, D. (1995). Twenty four hour activity and 
roost tree use: a guide to fodder selection aby Central Queensland koalas. pp. 
138-44. In Proceeding of the Australian Koala Foundation Conference on the 
status of the Koala in 1995. AKF, Brisbane, Australia. 
Melzer, A., Carrick, F., Menkhorst, P., Lunney, D. & St. John, B. (2000). 
Overview, critical assessment, and conservation implications of koala 
distribution and abundance. Conservation Biology 14: 619-28.  
Menkhorst, P. (1996). Managing Victoria’s koala populations. Land for Wildlife 
(News) 3: 12-3. 
Menkhorst, P., Middleton, D., & Walters, B. (1998). Managing overabundant 
koalas (Phascolarctos cinereus) in Victoria. [www document]. URL 
http://www.newcastle.edu.au/department/b...rjt/marsupialcrc/marsupsymp/too
much.html. [Accessed 2 March 2000]. 
Milton, K. (1979). Factors influencing leaf choice by howler monkeys: a test of 
some hypotheses of food selection by generalist herbivores. American 
Naturalist 114: 362-78.  
Mitchell, P. (1990). Social behaviour and communication of koalas. pp. 151-70 
in Lee, A.K., Handasyde, K.A. and Sanson, G.D. (eds) Biology of the Koala. 
 
141
REFERENCES 
Surrey Beatty and Sons, Chipping Norton, NSW. 
Mitchell, P. & Martin, R. (1990). The structure and dynamics of koala 
populations - French Island in perspective. pp. 97-108 in Lee, A.K., 
Handasyde, K.A. and Sanson, G.D. (eds) Biology of the Koala. Surrey Beatty 
and Sons, Chipping Norton, NSW. 
Mitchell, P.J., Bilney, R. & Martin, R.W. (1988). Population structure and 
reproductive status of koala in Raymond Island, Victoria. Australian Wildlife 
Research 15: 511-4. 
Montgomery, M.E., Duckett, R., Houlden, B. & Taggart, D. (2001). Inbreeding 
depression in male koalas. p. 215 in Proceeding of the International Joint 
Conference on Veterinary Conservation Biology Wildlife Health and 
Management in Australasia Taronga Zoo, Sydney, Australia.  
Moore, B.D. & Foley, W.J. (2000). A review of feeding and diet selection in 
koalas (Phascolarctos cinereus). Australian Journal of Zoology 48: 317-33. 
Mutze, G.J. & Cooke, B.D. (1998). Rabbit control and marsupial abundance. 
[www document] URL http://www.newcastle.edu.au/department/bi/birjt/marsup
ialcrc/marsupsymp/rabbit.html. [Accessed 2nd March 2000].  
Niklas, K.J. (1994). Plant allometry: the scaling of form and process. 
University of Chicago. Chicago. 
Norton, T.W. (1994). Koala management in south-east Australia and potential 
roles for introduction biology. pp. 235-38 in Serena, M. (ed) Reintroduction 
Biology of Australian and New Zealand Fauna. Surrey Beatty and Sons, 
Chipping Norton, NSW. 
 
 
 
142
REFERENCES 
NSW Koala Research Committee. (2000). Protocol For Koala Research Using 
Radio-collars. State Forests of NSW/National Parks & Wildlife Service. 
Sydney. 
Nussear, K.E., Tracy, C.R., Medica, P.A., Marlow, R.M., Saethre, M.B & Corn, 
P.S (2000) Translocation as a Tool for Conservation of the Desert 
Tortoise Nevada Studies [www document] URL http://www.deserttortoise.org/ 
abtract/abstracts2000/2000abs26.html [Accessed 18th February 2000] 
Oates, J.F., Swain, T. & Zantovska, J. (1977). Secondary compound and food 
selection by Colobus monkeys. Biochemical Systematics and Ecology 5: 317-
21. 
Oates, J.F., Watterman, P.G. & Choo, G.M. (1980). Food selection by the 
south Indian leaf-monkey, Presbytis johii, in relation to leaf chemistry. 
Oecologia (Berl.) 45: 45-56.   
Obendorf, D.L. (1981). Pathology of the female reproductive tract in the koala, 
Phascolarctos cinereus (Goldfuss), from Victoria, Australia. Journal of Wildlife 
Disease 17: 587-92. 
Obendorf, D.L. (1983). Causes of mortality and morbidity of wild koalas, 
Phascolarctos cinereus (Goldfuss), in Victoria, Australia. Journal of Wildlife 
Disease 19: 123-31. 
Obendorf, D.L. & Handasyde, K.A. (1990). Pathology of chlamydial infection in 
the reproductive tract of the female koala (Phascolarctos cinereus). pp. 255-9 
in Lee, A.K., Handasyde, K.A. and Sanson, G.D. (eds). Biology of the Koala. 
Surrey Beatty and Sons, Chipping Norton, NSW. 
O’Bryan & McCullough (1985). Survival of Black-tailed deer following 
relocation in California. Journal of Wildlife Management 49: 115-19. 
O’Donogue, C.H. (1916). On the corpora lutea and interstitial tissue of the 
 
143
REFERENCES 
ovary in the marsupialia. Quarterly Journal of Microscopical Science 61: 433-
73. 
Ough, K., Handasyde, K.A., Martin, R.W. & Lee, K. (1988). Koala in Tea-tree. 
Victorian Naturalist 105: 17-8. 
Pahl, L.I. (1984). Diet preference, diet composition and population density of 
the ringtail possum (Pseudocheirus peregrinus cooki) in several plant 
communities in southern Victoria. pp. 253-60 in Smith, A.P. and Hume, I.D. 
(eds) Possums and Gliders. Surrey Beatty and Sons and Australian Mammal 
Society, Sydney. 
Pahl, L.I. & Hume, I. D. (1990). Preference for Eucalyptus species of the New 
England Tablelands and initial development of an artificial diet for koalas. 
pp.123-28 in Lee, A.K., Handasyde, K.A. and Sanson, G.D. (eds). Biology of 
the Koala. Surrey Beatty and Sons, Chipping Norton, NSW. 
Pahl, L., Wylie, F.R. & Fisher, R. (1990). Koala population decline associated 
with loss of habitat and suggested remedial strategies. pp.39-47 in: Lunney, 
D., Urquhart, C.A.P. and Reed, P.C. (eds). ‘Koala Summit: Managing Koalas 
in New South Wales’. New South Wales National Parks and Wildlife Services, 
Sydney. 
Phillips, B. (1990). Koalas the little Australians we’d all hate to loose. 
Australian Government Publishing Service, Camberra. 
Phillips, S. (1997). Some issues associated with the translocation of koalas 
(Phascolarctos cinereus). pp. 187-93 in the Proceeding of the 1997 annual 
conference of the Australian Association of veterinary conservation biologists. 
Brisbane. 
Pietsch, R.S. (1994). The fate of urban Common Brushtail Possums 
translocated to sclerophyll forest. pp. 239-46 in Serena, M. (ed) 
Reintroduction Biology of Australian and New Zealand Fauna Surrey Beatty 
 
144
REFERENCES 
and Sons, Chipping Norton, NSW. 
Possingham, H., Barton, M., Boxal, M., Dunstan, J., Gibbs, J., Greig, J., Inns, 
B., Munday, B., Paton, D., Vickery, F. & St John, B. (1996). Final Report Koala 
Management Task Force. Department of Environmental Science and 
Management. The University of Adelaide, Australia. 
Pratt, A. (1937). The call of the koala. Robertson and Mullens: Melbourne. 
Proulx, G., Kolenosky, A., Badry M., Powell R.A., & Zielinski W. J. (1994) 
Post- release movements of translocated fishers. [www document] URL 
http://www.predatorconservation.org/predator_info/fisher1-33.html [Accessed 
18th February 2000]. 
Reese, J.C. (1979). Interaction of allelochemicals with nutrients on herbivore 
food. pp. 309-30 in Rosenthal, G.A. and Janzen, D.H. (eds) Herbivores: Their 
interaction with secondary plants metabolites. Academic Press, New York. 
Robbins, M. & Russell, E. (1978). Observation on movement and feeding 
activity of the koala in a semi-natural situation. pp. 29-38 in Bergin T.J. (ed). 
The Koala: Proceedings of the Taronga Symposium on Koala Biology, 
Management and Medicine. Zoological Parks Board of New South Wales, 
Sydney. 
Rodger, J.C. (1998). Overabundance – a new issue in conservation. [www 
document]. URL http://www.newcastle.edu.au/department/b...marsupialcrc/ma
rsupsymp/overabundance.html [Accessed 2 March 2000]. 
Sarre, A. (1999). Caught in the crossfire. Ecos 99: 9-14. 
Sauer, J.J.C., Skinner, J.D. & Neiz, A.W.H. (1982). Seasonal utilization of 
leaves by giraffes Girafa camelopardalis, and the relationship of the seasonal 
utilization to the chemical composition of leaves. South African Journal of 
 
145
REFERENCES 
Zoology 17: 210-19. 
Saunders, A. (1994). Translocation in New Zealand: an overview. pp. 43-6 in 
Serena, M. (ed) Reintroduction Biology of Australian and New Zealand Fauna 
Surrey Beatty and Sons, Chipping Norton, NSW. 
Schachter, J. & Caldwell, H.D. (1980). Chlamydiae. Annual Review of 
Microbiology 34: 285-309. 
Schachter, J. & Grossman, M. (1981). Chlamydial infection. Annual  Review of 
Medicine 32: 45-61. 
Seddon, P.J. (1999). Persistence without intervention: assessing success in 
wildlife reintroductions. Trends in Ecology and Evolution. 14: 503. 
Sherley, G. (1994). Translocation of the mahoenui giant weta Deinacrida n.sp. 
and Placostylus land snails in New Zealand: what have we learnt? pp. 57-63 
in Serena, M. (ed) Reintroduction Biology of Australian and New Zealand 
Fauna. Surrey Beatty and Sons, Chipping Norton, NSW. 
Sherwin, B., Timms, P., Wilcken, J. & Houlden, B. (2000). Analysis and 
conservation implications of koala genetics. Conservation Biology 14: 639-49. 
Short, J., Bradshaw, J.G., Prince, R.I.T. & Wilson, G.R. (1992). Reintroduction 
of macropods (Marsupialia: Macropoidea) in Australia-A review. Biological 
Conservation 62: 189-204. 
Smith, M.M. (1979). Behaviour of the koala, Phascolarctos cinereus Goldfuss, 
in captivity I. Non-social behaviour. Australian Wildlife Research 6: 117-29 
Smith, M.M. (1980). Behaviour of the koala, Phascolarctos cinereus 
(Goldfuss), in captivity VI. Aggression. Australian Wildlife Research 7:177-90. 
Southgate, R.I. (1994). Why reintroduce the Bilby? pp. 165-70 in Serena, M. 
 
146
REFERENCES 
(ed) Reintroduction Biology of Australian and New Zealand Fauna. Surrey 
Beatty and Sons, Chipping Norton, NSW. 
Southwell, I.A. (1978). Essential oil contents of koala food trees. pp. 62-74 in 
Bergin, T.J. (ed). The Koala: Proceedings of the Taronga Symposium on 
Koala Biology, Management and Medicine. Zoological Parks Board of New 
South Wales, Sydney. 
Storz, J. (1971). Chlamydia and chlamydial-induced diseases. Charles C. 
Thomas, Springfield, Illinois. 
Storz, J. (1988). Overview of animal diseases induced by chlamydial infection. 
pp.167-192 in Barron, A.L. (ed). Microbiology of Chlamydia. Boca Raton, CRC 
Press Inc., Florida. 
St. John B. (1998). Impact of koala browsing on riverine vegetation on 
Kangaroo Island. p. 15 in Proceeding of the Review of the Koala management 
Program on Kangaroo Island 1998. Department of Environment, Heritage and 
Aboriginal Affairs, South Australia. 
Taylor, A.C., Marshall Graves, J., Murray, N.D., O’Brien, S.J., Yuhki, N. & 
Serwin, B. (1997). Conservation genetics of the koala (Phascolarctos 
cinereus): low mitochondrial DNA variation amongst southern Australian 
populations. Genetic Research 69: 25-33. 
Thomas, B.W. & Whitaker, T.A.H. (1994). Translocation of the fiordland skink 
Leiolopisma acrinasum to Hawea Island, Breaksea Sound, Fiordland, New 
Zealand. pp. 91-95 in Serena, M. (ed) Reintroduction Biology of Australian 
and New Zealand Fauna. Surrey Beatty and Sons, Chipping Norton, NSW. 
Timms, P., Jackson, M., Glassick, T. & Giffard, P. (1996). Genetic diversity of 
Chlamydial strains infecting koalas - where did koalas get their chlamydial 
infection from? pp. 9-13. In Proceeding of the Australian Koala Foundation 
 
147
REFERENCES 
Conference on the status of the Koala in 1996. AKF, Brisbane, Australia.  
Tyndale-Biscoe, H. (1997). Culling koalas with kindness. Search 28:250-1.  
Ullrey, D.E., Robinson, P.T. & Whetter, P.A. (1981). Composition of preferred 
and rejected Eucalyptus browse offered to captive koalas, Phascolarctos 
cinereus (Marsupialia). Australian Journal of Zoology 29: 839-46. 
Van Soest, P.J. (1982). Nutritional ecology of the ruminants. Durham and 
Downey, Portland, Oregon. 
Veitch, C.R. (1994). Habitat repair: a necessary prerequisite to translocation 
of threatened birds. pp.97-104 in Serena, M. (ed) Reintroduction Biology of 
Australian and New Zealand Fauna Surrey Beatty and Sons, Chipping Norton, 
NSW. 
Wardrop, S., Fawler, A., Jackson, M., O’Callaghan, P., Giffard, P. & Timms, P. 
(1998). Chlamydia pneumoniae – a parasite of koalas horses and humans pp. 
29-35. In Proceeding of the Australian Koala Foundation Conference on the 
status of the Koala in 1996. AKF, Brisbane, Australia. 
Wardrop, S., Fawler, A., O’Callaghan, P., Giffard, P. & Timms, P. (1999). 
Characterization of the koala biovar of Chlamydia pneumoniae at four loci – 
ompAVD4, ompB, 165r RNA, groESL spacer region. Systematic Applied 
Microbiology 22: 22-27.  
Warneke, R. M. (1978). The status of koala in Victoria pp.109-14. in Bergin, 
T.J. (ed) The Koala: Proceeding  of the Taronga Symposium on Koala 
Biology, Management and Medicine. Zoological Parks Board of New South 
Wales, Sydney.  
Wellington, A.B. (1984). Leaf water potentials, fire and the regeneration of 
eucalypts in semi-arid, south-eastern Australia. Oecologia 64: 360-2.  
 
148
REFERENCES 
White, N.A. (1994). Habitat utilisation and population Dynamics of the koala 
(Phascolarctos cinereus) in the Bremer River Catchement, south-east 
Queensland. Ph.D. Thesis. University of Queensland, Queensland. 
White, N.A. & Timms, P. (1994). Chlamydia psittaci in a koala (Phascolarctos 
cinereus) population in southeastern Queensland. Australian Wildlife 
Research 2: 141-7. 
Whyte, I., van Aarde, R. & Pimm, S.L (1998). Managing the elephants of 
Kruger National Park. Animal Conservation 1: 77-83. 
Williams, P.C. (1971). Observation on food preference as displayed by koalas 
in Melbourne Zoo. Melbourne Zoo Newsletter 3: 6-11. 
 
149
